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ABSTRACT
Most small rural and remote Aboriginal communities in Australia rely on conventional 
septic tank systems (CSTS) for on-site wastewater treatment and disposal. The 
operational conditions of these systems are often not investigated for climate, 
performance and user suitability. Also, little or no consideration is given to soil 
conditions, flow fluctuations, and shock loadings in their design. This work was aimed 
at investigating the performance of the existing CSTS and if required, develop new 
waste disposal systems for Aboriginal communities.
To evaluate the performance of CSTS installed in remote and/or rural Aboriginal 
communities, it was necessary to obtain raw data on the flow patterns, site conditions, 
system design, local codes and wastewater quantity and quality from source to disposal.
The Pipalyatjara community in South Australia was selected for this investigation. This 
community is located in a long narrow valley of the Tomkinson Ranges about 750 km 
south west of Alice Springs. The research work was carried out in three phases.
Phase 1. As there was no data available on wastewater characteristics in remote 
Aboriginal communities, the initial focus was on field data collection and evaluation of 
existing CSTS performance and this was carried out from November 1995 to May 
1996.
Three systems were chosen for continuous data collection and another three were 
allocated as stand-by units to overcome vacant occupancy in one or more of the 
monitored households due to high mobility of people within and between Aboriginal 
communities. An on-site fully functional new water quality laboratory was established 
in the Pipalyatjara community. Soil percolation and permeability tests were conducted to 
assess site conditions, and continuous flow measurements were recorded to estimate 
water consumption and wastewater flow rates. Grab and composite wastewater/water 
samples were collected every four hours and analysed for various water quality 
parameters. Grey and black waters were monitored separately.
The existing CSTS appeared to be undersized (tank and disposal area) as indicated by 
occasional high household population which resulted in high hydraulic ( 2 -5  times what 
is encountered in urban areas) and organic loading (2 - 3 times the typical urban values) 
of the soakage trenches. This in turn led to an observed increase of wastewater ponding 
in the soakage trenches. Further it has been found that the grey water generation rate is 
92% of the wastewater flow which is significantly different from typical urban value of 
70%.
in
The data collected during Phase 1 helped in identifying: i) the patterns of water 
consumption and wastewater quantity generated by Aboriginal people in remote areas; 
ii) CSTS influent and effluent quality; and iii) existing CSTS design deficiencies. Based 
on these data, three new designs were developed for field trial purposes in the 
Pipalyatjara community.
Phase 2. Laboratory studies were carried out to investigate the performance of the 
proposed three designs, review of existing mathematical models that may be applied to 
small scale wastewater systems and to predict the performance of the proposed 
alternatives. The laboratory work was carried out between February 1997 and July 
1998. This study consisted of designing and constructing a pilot tank and five columns 
in which two types of plastic media (Bioellipse and Accupac, each of different geometry 
and surface area) were examined under aerobic and anaerobic conditions. To simulate 
septic tank influent, raw wastewater was used and the setup was installed at Bellambi 
Sewage Treatment Plant with the grit chamber as the intake source. It was found that in 
spite of the high specific surface area of the Bioellipse, this medium was found to have 
clogging problems. As such, Biosphere and Bioblock were chosen as substitute 
medium for aerobic filters in the trial designs. The Accupac medium, however, is found 
to be suitable as an anaerobic filter. The effluent quality predictions, using existing 
trickling filter models, are found to be in good agreement with the laboratory results.
Phase 3. Three new designs were implemented in the field and were monitored 
between November 1998 and February 1999. Each of the designs was installed at a 
different site and evaluated for its performance. Based on the observed population and 
flow data, it appears that there is a definite need to increase the capacity of septic tanks 
currently used in Aboriginal communities to accommodate large family size. Among the 
three trial designs investigated, Designs 2 and 3 are found to be suitable for remote 
Aboriginal communities.
These new designs supported by laboratory studies and field investigation managed to 
achieve high SS and BOD removal rates of 80-90%. The existing septic tanks, 
however, have shown removal rates of 42% and 57% of BOD and SS, respectively. 
Hence, the new designs have shown to produce superior effluent quality.
IV
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Biochemical Oxygen 
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by plants.
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Column with Accupac media CF-1200 packed to 300 
mm depth.
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Column with Accupac media CF-1200 packed to 600 
mm depth.
The increased concentration of molecules or ions at a 
surface, including exchangeable cations and anions on 
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in liquid form through pores.
Liquid flow to be handled by the septic tank.
Resistant to penetration by fluids or by roots.
The downward entry of water into the soil.
A soil characteristic determining or describing the rate at 
which water moves through the soil water interface. It 
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effluent soil interfaces in equilibrium).
Not able to sample
Nganampa Health Council, Aboriginal-controlled area 
health council.
The biochemical oxidation of ammonium to nitrate.
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Northern Territory
On-site wastewater management system(s).
The flow or trickling of a liquid downward through a 
contract of filtering medium. The liquid may or may not 
fill the pores of the medium.
The rate at which water moves through the soil once it 
has passed the interface. It measures the ability of a soil 
to transport water.
The ease with which liquid passes through a bulk mass 
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The protection of the environment operations.
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South Australian Health Commission.
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Scum Any floating material on the surface of the septic tank.
SD Standard deviation.
Septic Tank A water-tight, covered receptacle designed and 
constructed to receive the discharge of sewage from a 
building sewer, separate solids from liquid, digest 
organic matter and store digested solids through a period 
of detention, and allow the clarified liquids to discharge 
for final disposal.
Shock loading Sudden increase in the quantity and/or quality of the 
wastewater into the septic tank system.
Shrinking To become smaller when dried after being washed or 
thoroughly drenched.
Sludge The accumulated, settled solid deposit from sewage and 
containing more or less water to form a semi-liquid 
mass.
Soil Texture The relative proportions of the various soil separates in 
a soil.
SSC Secondary settling chamber.
STED Septic tank effluent drainage scheme (similar to CEDS)
Sullage sump Grease trap mainly installed to trap oil and fats found in 
wastewater (grey water).
Suspended solids (SS) SS is known also as non-filterable residue NFR and can 
be defined as the amount of solids matter in suspended 
form (matter not in solution). This pollutant is one of 
major parameters used in evaluation of the strength of 
domestic wastewater and to determine the efficiency of 
the treatment unit.
Thinning
Total Kjeldahl Nitrogen 
(TKN)
Total Solids (TS)
To reduce in mass and become thin.
An analytical method for determining total organic 
nitrogen and ammonia.
The solids in water, sewage, or other liquids; includes 
suspended and dissolved solids; all material remaining as 
residue after water had been evaporated.
UPK Uwankara Palyanyku Kanyintjaku.
User habits Unexpected discharge which may impair the septic tank 
conditions or contribute in highly concentrated influent 
(eg., extensive use of water, disposal of large objects in 
the toilet such as rags, cans, napkin and nappies and 
washing nappies in the shower).
Wastewater Combination of the black and grey water, unless 
otherwise specified.
Wastewater loading 
rate
Liquid flow to be handled by the treatment unit or 
disposal area.
WWTP Wastewater treatment plant.
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Chapter 1
INTRODUCTION
1 .1  Aboriginal Health and Sanitation
Attack rates for diarrhoea, pneumonia, skin infection and eye disease among the 
Australian Aboriginal communities are as high as those of many developing countries. 
Furthermore, chronic Hepatitis B infection occurs in up to 20% of the population in some 
Aboriginal communities. The infection is believed to be associated with an increased risk 
of hepato-cellular carcinoma in later life. Most infection is acquired in the first five years 
of life and is spread among children (Pholeros et al., 1993). Most of these diseases are 
related to poor hygiene and sanitation facilities.
The Aboriginal communities usually rely on on-site wastewater management systems 
(OWMS) for their sanitation. These systems seem to fail at a high rate and are associated 
with high ongoing maintenance costs.
The high failure rate of OWMS, currently installed in the Anangu Pitjantjatjara (AP) 
Lands or Central Australian Remote Aboriginal Communities (CARAC), highlighted the 
need for specific research into their performance. In these communities, conventional 
septic tank systems (CSTS) are commonly used for domestic wastewater 
treatment/disposal. The performance of these systems, their level of treatment and 
implications on public health and the environment have never been investigated.
Nganampa Health Council (NHC), a community controlled independent health service, 
was established in December 1983 and took total responsibility for health care delivery on 
the AP Lands. In the first years of its development the health service recognised the well 
known relationship between a poor living environment and poor health status. This 
association is well established in public health literature and was clearly an important 
factor in Aboriginal ill-health. However the details of particular problems, relating to 
OWMS, in the living environment associated with illness had not been explored.
1 .2  Sanitation in Aboriginal Communities
On-site wastewater management systems in small communities entail the treatment and 
release of wastewater (effluent) and solid products (septage) into the environment. 
Uncontrolled use and disposal of effluent and septage can have an adverse effect on 
public health (spread of disease by bacteria, viruses, parasites and other organisms
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present in the wastewater), groundwater and soil contamination, and public nuisances 
(odours and insects).
OWMS are essential to the maintenance of a hygienic and healthy living environment. 
These were introduced into Australia in the late 1900’s in the form of privies to substitute 
the external deep latrines. Nowadays, developers in urban areas tend to push for 
centralised reticulation of water and wastewater as a means for higher property value, 
whereas, in rural and remote areas, wastewater management still relies upon the soil for 
treatment and disposal of domestic wastewater.
Several thousand OWMS are used around Australia, with an estimated 1,946 systems 
being used in Aboriginal communities (Lange Dames and Campbell Pty. Ltd., 1994). 
Currently, 38% and 59% of Aboriginal population in Australia are serviced by OWMS 
and centralised wastewater treatment plants, respectively. Out of these OWMS, septic 
tanks and pits toilets are estimated to be used by 31% and 7% of the remote Aboriginal 
population, respectively. The remaining 3% of the population have either no sewage 
system or systems which have not yet been identified (Marshall, 1998).
The most typical setup for managing domestic wastewater from an individual household 
is a septic tank system consisting of a septic tank and a disposal or irrigation area. A 
septic tank provides storage of wastewater thus allowing primary treatment of waste by 
settling and degradation. The primary treatment achieved within a septic tank can be 
limited due to design constraints, hydraulic and organic overloading. In a pump-out septic 
tank system (POST), regular pump-out is needed and collected wastewater is either 
injected into a sewer or land filled by private contractors. Alternatively, illegal pump-out 
may find its way into watercourses.
In a conventional septic tank system (CSTS), further treatment of wastewater relies on the 
soil as a means for purification of septic tank effluent. The disposal area can be a sub­
surface soakage trench, évapotranspiration bed, mound system, irrigation system, or sand 
filters. As most of these disposal options rely on the soil for further treatment, possible 
groundwater contamination could be prevented by improving the effluent quality of septic 
tank before allowing its disposal by any form of land application.
Alternatively, wastewater could be treated using small scale wastewater treatment systems 
providing secondary treatment. These types have been available in the Australian market 
since 1983. They are known as aerated wastewater treatment systems (AWTS) or aerated 
septic tank systems (ASTS). Although a stringent effluent quality criteria is set by the 
NSW Department of Health as a condition for their approval, only a small percentage of 
currently approved AWTS satisfy the effluent criteria during field measurements (Khalifé,
1995). Generally, the management options of septic tank effluent depends on legislative
1.2
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powers, views of decision makers, regulations and funding. However, the final selection 
has to satisfy the user requirements, site conditions, and effluent quality requirements.
Various definitions of on-site wastewater disposal systems and septic tanks can be found 
in the Australian Standards. The AS 1546 (1998) provides information on the 
manufacture of septic tanks and the AS 1547 (1994) and AS 1547 Draft (1999) includes 
matters related to site evaluation and effluent disposal or reuse options. Other related 
standards include the South Australia Health Commission Waste Control Systems 
Standard (SAHC, 1995), the Northern Territory Health Services Code of Practice (THS,
1996) and the Local Government regulations (NSW Department of Health, 1994). As 
CSTS are installed in central remote Aboriginal communities, their components, operation 
and performance have been discussed more in detail.
1.3 Conventional Septic Tank Systems (CSTS)
Conventional septic tank systems (CSTS) are widely used in rural and remote areas of 
Australia where soil and site conditions are suitable (soil permeability is between 0.05 and
0.6 m/d and rainfall is less than 900 mm per annum) and residential density is relatively 
low.
A typical CSTS consists of a septic tank and disposal area or soakage trench(es). As the 
influent enters the septic tank, setdement of solids occurs. Also, anaerobic 
microorganisms partly breakdown the settled solids within the tank while the oil, fats and 
other light materials float to the surface to form a scum. Low detention time and poor 
effluent quality from septic tank can result in excessive build up of organic sludge and 
scum in the soakage trenches and leads to clogging of the disposal area. The treatment 
process is a function of the soil capability for absorbing the effluent which generally 
occurs through the walls and bottom of the soakage trench(es). Some of the percolated 
effluent undergoes movement towards the surface by capillary action and tends to 
evaporate.
1.4 Problem Definition
In NSW, there has been increased concern that on-site wastewater management systems 
have failed to satisfy the expectations of unsewered communities where growing evidence 
suggests that many of these systems do not meet environmental and public health 
requirements (NSW Department of Local Government, 1998).
In South Australia, NHC undertook an extensive environmental health study in 1986, 
called Uwankara Palyanku Kanyintjaku (UPK) or “a strategy for well being”, where 
recommendations on the need of strategies including the design, planning, supervision,
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construction and maintenance of health related infrastructure in small communities were 
made. Further study was conducted by HealtHabitat, in conjunction with NHC, in 1991 
with one community on the AP Lands (Pipalyatjara Community) selected as the study 
area. The study was set to assess the effectiveness of work implemented as a result of 
UPK and to develop, in more detail, the findings of the UPK (NHC et al., 1987). The 
adequacy of wastewater systems, planning and cost of maintenance in a remote 
community were assessed. Some of the findings reported by Pholeros et al. (1993) 
included the following:
• Poor initial design and specification, construction, supervision and ongoing 
management of wastewater systems caused the failure, not the users of these systems,
• public health concerns due to wastewater ponding, its implications on infectious 
diseases and contamination of the environment,
• population mobility within small communities has a direct effect on the performance of 
sanitation systems,
• a design population between 0-30 for an individual household is recommended for any 
health related structure including sanitation, and
• considerable failure rate of CSTS (60%) was observed even when houses had low 
populations and low average water consumption (120 L/capita.d). Over 70% of the 
total maintenance cost, allocated for on-site wastewater systems, are used to repair or 
replace the sub-surface wastewater disposal systems.
Due to the above findings there was a need to investigate the following issues:
• Monitoring of water use and characteristics of wastewater generated from the 
household,
• identify any design problems, and
• identification/development of appropriate wastewater treatment system.
1.5 Area of Study
The Anangu Pitjantjatjara (AP) Lands, an area of 106,000 km2, lies in the north west 
comer of South Australia. Some three thousand Anangu (Aboriginal people) live in 
communities and small homeland groups typical of those in remote Australia Among the 
communities in AP Lands, the “Pipalyatjara” community was selected for this 
investigation. The community is located in a long narrow valley of the Tomkinson Ranges 
about 750 km from Alice Springs and 25 km south-east of the point where WA, NT and 
SA borders meet (Pholeros et al., 1993). The location of Pipalyatjara within the Anangu 
Pitjantjatjara Lands is shown in Figure 1.1.
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Figure 1.1 Pipalyatjara within the Anangu Pitjantjatjara Lands (Russell, 1999)
The rainfall in the Pipalyatjara area is generally low and irregular with an average of 270 
mm per annum. Temperatures recorded at Giles weather station 200 km north of 
Pipalyatjara have been as low as 7.8 °C. The monthly average of daily maximum 
temperatures in January and July are 37 and 20 °C, respectively. The elevation of 
Pipalyatjara is approximately 600 m above mean sea level and the mountains around the 
community rise a further 300 to 450 m. The soil is granitic and around the community 
sandy loams and limestone soils are evident. Vegetation is dominated by spinifex (triodia 
basedoni), river red gum (eucalyptus camaldulensis), pipalya trees, scattered mulga, 
corkwood trees and mulga grass.
1 .6  Aim and Objectives
The aim of the project was to provide the remote Aboriginal communities with an 
environmentally friendly, low cost domestic wastewater treatment and safe effluent 
disposal system. The overall objectives of the present study are:
• To characterise domestic wastewater generated from remote Aboriginal communities 
and to assess the performance of existing wastewater treatment/disposal systems.
• To develop wastewater treatment systems using laboratory experimental techniques.
• To install and monitor the performance of the new wastewater treatment systems.
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1.7 Scope
To satisfy the above objectives, the work was carried out over three phases. The phases 
and activities involved are given in Table 1.1 and Sections 1.7.1 to 1.7.3.
Table 1.1 Phases of investigation
Phase Activities
1
(Section 1.7.1)
Evaluation of existing CSTS
• Site investigation and installation of equipment (preparation work)
• Monitoring of influent and effluent wastewater characteristics
• Analysis of field measurements and evaluation of CSTS 
performance
• Development of CSTS design criteria
2
(Section 1.7.2)
Laboratory studies
• Constmction of a laboratory setup
• Laboratory setup monitoring and performance
• Modeling of laboratory performance using existing models
• Development of three new designs for field trial
3
(Section 1.7.3)
Installation of new systems and evaluation of their performance
• Site selection, installation of the three designs and equipment 
(preparation work)
• Analysis of field measurements and evaluation of trial designs
• Selection of final design
• Development of septic tank design criteria
1.7 .1  Phase 1: Evaluation of existing CSTS
The main tasks were to characterise the raw wastewater and evaluate the performance of 
existing CSTS in the Pipalyatjara community. The methodology consisted of gathering 
raw data with direct effect on the performance of CSTS comprising of population load, 
soil conditions, water and wastewater characteristics. For this purpose, population 
surveys, site assessment, wastewater quantity and quality were investigated. A 
monitoring program was developed to collect raw data from three CSTS, with three 
additional CSTS kept in reserve for monitoring if any of the first three households 
became vacant. The activities involved in this Phase were carried out between July 1995 
and January 1997 and entailed the following:
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•  Monitoring of water consumption and wastewater flow rates,
• characterisation of domestic wastewater from Aboriginal communities,
•  evaluation of the performance of the existing septic tanks,
• assessment of existing soil conditions for suitability of wastewater disposal,
• evaluation of the performance of existing soakage trenches,
• assessment of the health implications of disposed wastewater effluent, and
• development of CSTS design criteria.
This study included the development of new CSTS design criteria and three new trial 
designs. The proposed designs were subject to further laboratory and field evaluation 
during subsequent phases.
1 .7 .2  Phase 2: Laboratory studies
These studies were carried out between February 1997 and July 1998 and involved the 
following activities:
• Identifying existing theoretical models to support the preliminary designs suggested in 
Phase 1: This includes a literature review of existing models on the effluent kinetics 
and performance predictions using various models,
• constructing a laboratory setup and conducting experimental studies to simulate trial 
conditions using columns and pilot tank setup,
• comparison of experimental results with predictions obtained using existing 
mathematical models, and
• selection of design criteria and aerobic filter depth.
To simulate the treatment process in the proposed new designs, raw wastewater was used 
in the laboratory setup. Existing mathematical models were then used to predict the 
experimental results and optimise the filter size in the final design. The results are also 
used in the final selection of media and filter depth.
To evaluate the treatment process of the new designs, both theoretical and laboratory 
studies were carried out. A general review of existing mathematical models for trickling 
filter design using plastic media was carried out. The laboratory studies consisted of 
constructing a small reactor or pilot tank and columns setup. Due to the limited amount of 
data obtained, the development of a new mathematical model was not targeted in this 
study.
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This Phase concentrates on the treatment process using two plastic filter media of different 
geometrical shape. The removal efficiency of each of these media was determined by 
comparing the influent and effluent quality from columns and pilot tank under two 
different hydraulic and organic loading conditions.
1 .7 .3  Phase 3: Installation of new systems and evaluation of their
performance
The installation and monitoring of the proposed designs were to supplement the 
laboratory studies and test them in full-scale operation. The activities in this Phase were 
carried out between October 1998 and February 1999 and involved the following:
• Monitoring of the three trial systems,
• evaluation of the performance of individual designs,
• finalising design criteria, and
• recommendations on final design.
1.8
Chapter 2
LITERATURE REVIEW
2.1 Wastewater Characterisation
On-site wastewater management systems (OWMS) in small communities involve the 
treatment of domestic wastewater and the release of treated effluent and septage into the 
environment. Uncontrolled use and disposal of effluent and septage can have an adverse 
effect on public health, soil and groundwater contamination, and public nuisances. 
Therefore, investigation of OWMS should include measurement of wastewater flow rates, 
characteristics and fluctuations. Generation of field data helps in evaluating the user 
patterns and the community’s needs. The data also helps in the planning of future 
sanitation strategies. One of the important outcomes is the assessment of the potential of 
hydraulic and organic overloading which is often considered as the major cause of 
OWMS failure. Wastewater characterisation studies are also essential in the sizing criteria 
of the systems (Laak, 1980).
2.1 .1  Wastewater flow measurements
Measurement of the wastewater flow rate is a fundamental requirement in the design of 
OWMS, wastewater collection systems, other treatment of effluent and septage disposal 
facilities. Proper design of OWMS is preferably based on direct field measurement of 
wastewater flow rates. Alternatively, existing records from similar communities can be 
used if they are available. The field measurement data are usually reliable and help in the 
minimisation of capital and ongoing costs associated with OWMS. In circumstances 
where wastewater flow rates data are not available, indirect estimates, based on total 
water consumption data providing metered service is available, can be used with 
exclusion of unaccounted losses. In estimating wastewater flow rates, inclusion of losses 
may result in oversizing of the treatment and disposal facilities and thus increasing costs 
on householders. In small scale wastewater systems, unaccounted losses and leakages 
may account for as much as 50%. These losses may be due to unauthorised use, incorrect 
meter readings or inadequate system control. The leakage may also be attributed to the age 
of the system, construction material and lack of maintenance. For newer distribution and 
a larger wastewater management systems, the losses may range from 10% to 30% 
(Metcalf and Eddy Inc., 1991).
Domestic wastewater generated in AP Lands consists of water used in the kitchen,
shower, bath tub if any, toilet, laundry, and outdoors. The use of water depends on the
geographic location of the community, quantity and quality of water supply, metered
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services, climate, time of the year and population mobility within and among 
communities. Typical data for domestic water use are given in Table 2.1. Non domestic 
wastewater use is outside the scope of this study.
Table 2.1 Typical distribution of domestic water consumption
Water use
White et al. 
(1994)
Jeppesen and Solley 
(1994)
% of total Urban % of total Urban
NSW Brisbane
Laundry 15 11
Toilet 20 15
Kitchen 10 4
Basin - 2
Shower 20 13
Bath 5 2
Outdoor 30 53
Total water consumption 100 100
The average domestic water consumption in Australian rural areas may range from 18 to 
285 L/capita.d (White et al., 1994) compared with an average of 189 L/capita.d in USA 
(Alth and Alth, 1984). In a remote Central Australian Aboriginal community 
(Pipalyatjara), an average water consumption of 120 L/capita.d was reported in 1992 
survey (Pholeros et al., 1993). The same survey reported a household population in the 
same community with a range from 0 to 30. Generally, part of the water consumed 
between 60% and 85% becomes wastewater (Metcalf and Eddy, Inc., 1991) and the 
remaining consists of outdoor water use and unaccounted losses. Of the wastewater, 
some 99.9% is water, and the remaining is solids. In areas where infiltration and inflow 
are excessive, the wastewater load into a disposal area becomes higher than the metered 
water consumption, in which case, estimation of the wastewater flow rate should include 
the effect of excessive infiltration and inflow. A proper measurement of wastewater flow 
rates and fluctuations are important to evaluate and prevent the potential of shock loading 
due to hydraulic overloading.
2 .1 .2  Wastewater quality
The knowledge of wastewater quality and its nature is of great importance in the design 
and operation of OWMS. Wastewater can be characterised in terms of the (i) physical 
properties (odour, colour, solids, and temperature), (ii) chemical constituents such as 
organic (carbohydrates, fats, oils and grease, surfactants, etc.), inorganic (alkalinity, 
nitrogen, pH, phosphorus, sulfur, etc.), and gases (hydrogen sulfide, methane and 
oxygen), and (iii) biological constituents such as animal, plants and protists (eubacteria, 
archaebacteria and viruses) (Metcalf and Eddy Inc., 1991). Generally, wastewater
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characterisation is conducted to determine the performance of existing treatment systems 
and to establish the best means of reducing the pollutants concentrations. The quality of 
influent and effluent wastewater vary significantly between communities. The variation in 
influent quality is due to cultural differences, quantity and quality of water supply, family 
diet, and type of chemicals and non-biodegradable matters being used. Whereas, the 
variation in final effluent quality is a function of the influent quality, OWMS design, 
removal efficiency within the treating system and the soil capability to further reduce the 
pollutant levels. Under a similar influent quality, a better design of OWMS should ensure 
a better effluent quality and minimum impact of effluent disposal on public health and 
environment.
The characterisation of segregated wastewater into black and grey water and contribution 
of pollutants from different plumbing fixtures can help, in comparison with literature 
values, to identify the source of high pollutant concentrations in the influent and assess 
the potential of grey water reuse. This will also give an understanding of the user patterns 
and need for educational programs. Moreover, the characterisation of combined 
wastewater and fluctuations can be used to evaluate the field performance of conventional 
septic tank systems (CSTS) and to plan a strategy for prevention of shock loading.
Previous surveys carried out in Pipalyatjara in 1992 reported that failure of CSTS in the 
community was primarily caused by high levels of population mobility and the usage of 
large amounts of cleaning agents (Pholeros et al., 1993). The same surveys reported an 
average cleaning agents consumption of 60.4 g/capita.d in the Pipalyatjara community. 
This was estimated based on community store records over 22-weeks period rather than 
by measurement of pollutant concentrations in liquid wastes as per Standard Methods.
The field measurement of the pollutants concentrations throughout CSTS will allow the 
assessment of their performance by comparing the pollutant concentrations in influent and 
effluent with the typical and literature values given in Table A.l (Appendix A) of similar 
systems. The significance of water quality parameters in biological treatment particularly 
in CSTS applications is described below.
pH. pH measurements are used to indicate the acidic/basic nature of water or 
wastewater. A pH of 6.0-8.5 is normally expected in septic tank systems. The
equilibrium concentrations of ammonium (NH4+) and volatile ammonia (NH3) are 
functions of pH (Blackburn, 1969). pH variations help in assessing the degree of 
biological activities within a treatment system. These activities can be optimum at neutral 
condition of pH 7 (Peavy et al., 1985). pH variations can also affect the ion formation 
(Metcalf and Eddy Inc., 1991) as shown in equations 2.1 and 2.2.
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(i) When pH <7 Ammonia changing to Ammonium: 
NH3 + H20 —>NH4+ + OH- (2.1)
(ii) When pH >7 Ammonium changing to ammonia: 
NH4+ + OH-—>NH3 + H20 (2.2)
Temperature. The temperature is a very important parameter because of its effect on 
chemical reactions, settling characteristics of biological solids, reaction rates and the 
suitability of water for reuse. The increase of wastewater temperature is normally 
associated with an increase of the biochemical reaction rates and a decrease of the oxygen 
quantity present in the influent. Optimum temperatures for bacterial activities may vary in 
the range from 25 to 35°C. Aerobic digestion and nitrification cease when the temperature 
rises above 50°C. When the temperature drops below 15°C, methane producing bacteria 
become quite inactive, and at about 5°C the autotrophic-nitrifying bacteria practically 
cease functioning (Metcalf and Eddy Inc., 1991).
Turbidity. The turbidity in water is generally caused by suspended matter, such as clay, 
silt, finely divided organic and inorganic matter, soluble organic and other microscopic 
compounds. It measures the extent to which light is absorbed or scattered by suspended 
material, but it can not be considered as a direct quantitative measurement of suspended 
solids. The source of turbidity in the collected samples depends on the CSTS user habits 
such as use of soaps, detergents in large quantities, and suspended solids of both black 
and grey water. Generally, large amount of detergent produces stable colloids and 
enhances adsorption of harmful chemicals, and cause odour problems.
Pathogenic microorganisms. Pathogenic microorganisms are pollutants of great 
concern to public health. Many species of bacteria are able to survive in water and 
maintain their infectious effect for a significant period of time. This time may vary from 
few hours for coliforms to four months for E.coli (Canter and Knox, 1988). The 
pathogenic microorganisms can be found in domestic wastewater contained in septic tanks 
and are generally excreted by human beings who are infected or carriers of a particular 
disease. Human contact with these pathogens can cause diseases of the gastrointestinal 
tract. The principle categories of pathogenic microorganisms found in wastewater are: 
bacteria, viruses, protozoa, and helminths. The infectious agents potentially present in 
raw domestic wastewater, diseases and symptoms of infected humans are described in 
Table A.2 (Appendix A). Due to the difficulties in isolating and identifying the number of 
these pathogenic microorganisms, the coliform organism was used in this study as an 
indicator to pathogen.
In an average household, 20-50 billion coliform bacteria/capita.d are discharged into a 
septic tank and 20% of these bacteria originate from vegetation or animals (Bernhart, 
1973). However, coliform colony counts for influent can be compared with typical faecal
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coUform concentrations of 106-108 colony forming unit per 100 mL (cfu/100 mL) for 
untreated household effluent (Geary, 1992a). As the effluent percolates into the disposal 
area, the bacteria are transported within the soil pores and may impose health hazards by 
contaminating groundwater. This appears to be significant especially in remote 
communities where groundwater bores are the only source of water supply. Numerous 
investigators demonstrated that the movement of coliform bacteria and their biological 
contamination effects in well or groundwater (Mallmann and Mack, 1961; Caldwell and 
Parr, 1937; Stiles and Crohust, 1923; McGaughey and Krone, 1954; Orlob and Butler, 
1955). Also, movements over long distances by faecal coliforms in saturated soils at rates 
of up to 15 m/h was reported (Bouma and Denning, 1972).
Dissolved oxygen (DO). DO is required for the respiration of microorganisms in a 
biological treatment process. At normal temperatures (20°C), DO of fresh water is 
between 8 and 9 mg/L at saturation (Metcalf and Eddy Inc., 1991). As the wastewater 
enters a primary treatment or septic tank, the presence of oxygen in water is governed by:
(i) the solubility of oxygen, (ii) the temperature, (iii) the purity (salinity, suspended 
solids, etc.), and iv) the atmospheric pressure. An investigation into 19 septic tanks 
revealed the presence of residual DO inside the tanks ranging from 0.5 to 6 mg/L 
(Winneberger, 1984). DO concentration greater than 2 mg/L is required for aerobic 
treatment. However, the main biological treatment within a septic tank is governed 
anaerobically which does not require DO.
Suspended solids (SS). Suspended or non filterable solids are particles of solid 
matter (greater than 2.0 pm) that are present in sewage. These tend to lead to sludge 
deposits and anaerobic conditions when wastewater is untreated or discharged to a water 
body. To define factors affecting SS, many wastewater engineering studies correlated SS 
removal efficiency to wastewater detention periods. Other studies indicated that SS may 
escape with effluents due to gas ebullition.
Troyan et al. (1984) reported a SS removal efficiency of 61% in a two-chamber domestic 
septic tank. In other septic tanks with same number of compartments, another study 
reported a removal efficiency of 70% (Laak, 1980). However, these estimates can not be 
generalised and removal efficiency is mostly dependent on the design criteria such as 
detention time, hydraulic and organic loadings. Clogging of the disposal area can be 
decreased by reducing SS concentration of effluent prior to its discharge into soakage 
trenches (Laak, 1980). To assess the SS concentrations at various locations throughout 
CSTS, influent SS can be compared with SS typical range of 240-600 mg/L for untreated 
wastewater (Metcalf and Eddy Inc., 1991), whereas, effluent SS can be compared with 
SS typical range of 40-350 mg/L for untreated household effluent (Geary, 1992a). The 
values for SS, given here, are used as guide only as these vary significantly between
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households. Generally, a discharge of 60 g SS /capita.d in an average household was 
reported by Bemhart (1973). Further detailed analysis can be carried out to assess the 
contribution of different plumbing fixtures and compared with SS typical values given in 
Table 2.2.
Table 2.2 Typical pollutant concentrations at different plumbing fixtures
(compiled from Laak, 1980)
Type of 
wastewater
Plumbing
fixture
Suspended 
solids (SS), 
mg/L
Biochemical
oxygen
demand
(BOD5),
mg/L
Chemical
oxygen
demand
(COD),
mg/L
Black water Water closet 300 300 900
Grey water Laundry 200 300 700
Sink 50 200 400
Bath 1 200 300
Kitchen 10 700 1400
Generally, septic tank effluents with high SS concentrations can reduce the life span of 
the disposal area by reducing the effluent long-term acceptance rate (LTAR) and 
thickening of the biocrust (organic deposit) in the soakage trenches. This can also result 
in wastewater ponding in soakage trenches, surfacing in disposal areas and/or backflow 
into the houses.
Total solids (TS). TS is the most important physical characteristic of wastewater. TS 
consists of floating, settleable, colloidal and dissolved matters. Analytically, TS content 
of a wastewater sample is defined as all the matter that remains as residue upon 
evaporation at 103-105 °C. The determination of TS of septic tank influent and effluent is 
an attempt to estimate the effectiveness of compartmentalisation in decreasing solids 
throughout a particular tank and to evaluate TS loadings into the soakage trenches. 
However, the measurement of these residues is subject to considerable error through 
losses of volatile compounds during evaporation of carbon dioxide, therefore actual TS 
concentrations are expected to be higher than reported values. TS field results can be 
compared with the TS typical range of 350-1200 mg/L reported for untreated household 
effluent (Metcalf and Eddy Inc., 1991).
Dissolved solids (DS). Indirect measurement of dissolved matter is determined by 
taking the difference between TS and SS. The DS field results can be compared with the 
DS typical range of 250-850 mg/L reported for untreated household effluent (Metcalf and 
Eddy Inc., 1991). Again, the life span of disposal area can be affected by the high 
accumulation rates of DS where high salinity concentrations are expected due to the nature 
of water supply (bores) in the area of study.
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Biochemical oxygen demand (B O D 5). Biodegradable organic, principally 
composed of proteins, carbohydrates and fats, are commonly measured by the 
biochemical oxygen demand (BOD5) or chemical oxygen demand (COD). BOD5 is the 
amount of dissolved oxygen used by microorganisms in the biochemical oxidation of 
organic matter. The BOD5 results can be used to measure the biological efficiency of the 
treatment process. Generally, the discharge of untreated wastewater into a water body can 
lead to the depletion of oxygen and create septic conditions.
In two-chamber domestic septic tanks, Laak (1966) and Troyan et al. (1984) reported 
BOD5 removal efficiency of 60% and 33%, respectively. Laak (1980) proposed that the 
disposal or land-treatment area required for a septic could be adjusted by:
where,
Aadj is the proportion by which the disposal has to be adjusted.
The adjusted area required for treatment/disposal of the effluent is equal to the proportion 
of adjustment, Aadj, times the disposal area required for a standard septic tank. 
Accordingly, it seems reasonable to assume that a high degree of pretreatment in a septic 
tank will reduce clogging and the area required for absorption.
The influent BOD5 can be compared with BOD5 typical range of 216-540 mg/L for 
untreated wastewater (Metcalf and Eddy Inc., 1991). Whereas, effluent BOD5 can be 
compared with the typical BOD5 range of 90-384 mg/L reported for treated household 
effluent (Laak, 1980). The contribution of different plumbing fixtures is estimated and 
compared with typical BOD5 values given in Table 2.2.
The clogging in soakage trenches can be reduced by reducing influent and effluent BOD5. 
The reduction in SS and BOD5 means a smaller area is required for disposal of final 
effluent. Therefore, it can be assumed that a high degree of treatment in septic tanks will 
reduce clogging in the soakage trenches and keep land cost to a minimum.
Chemical oxygen demand (COD). The COD test is a measure of the total organic 
matter in wastewater. The oxygen (equivalent to the organic matter) that can be chemically 
oxidised is measured by using strong chemical oxidising agent in acid medium such as 
potassium dichromate. The COD concentration is defined as the mg of O2 consumed per 
litre of sample heated with a strong oxidising agent such as potassium dichromate for two 
hours. The reaction of the oxidisable organic compounds reduces the dichromate ion
(G*2072' ) to chromic ion (Cr3+) green in colour. The colorimetric method can be used to
(2.3)
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determine the amount of Cr3+ produced. Generally, the principle reaction using 
dichromate as the oxidising agent may be represented by the following unbalanced 
equation (Metcalf and Eddy Inc., 1991).
_2 + +3
Organic matter (CaHbOc) + G^Oy + H -----------> Cr + CO2 + H2 O (2.4)
The COD of a waste is generally higher than its BOD because more compounds can be 
chemically oxidised when compared to biological oxidation. The COD measurements can 
be used to an advantage as results can be determined within three hours compared to five 
days for BOD5. The influent COD can be compared with the COD typical range of 250­
1000 mg/L reported for untreated wastewater (Metcalf and Eddy Inc., 1991). Whereas, 
effluent COD can be compared with the typical COD range of 150-720 mg/L reported for 
treated effluent (Laak, 1980). By comparing the typical values of both BOD5 and COD, a 
typical COD/BOD5 ratio between 1.2 and 1.9 is expected to be found in domestic 
wastewater. Further analysis can be carried out to assess the contribution of different 
plumbing fixtures and compared with the typical COD values given in Table 2.2.
Nitrogen compounds. Nitrogen measurement is used to evaluate the treatability of 
wastewater by biological processes. The main pollution factor in a CSTS installation is 
poor effluent quality from a septic tank and its implications on groundwater. As the main 
water supply in Central remote Aboriginal communities rely on bores, nitrogen level 
should be carefully quantified to ensure no contamination occurs as a result of on-site 
disposal of effluent. Generally, nitrogen can be found in the form of organic, ammonia, 
nitrite and nitrate. The combination of organic and ammonia nitrogen is known as total 
kjeldahl nitrogen (TKN).
The major source of TKN is urine, which forms about 80% of the total nitrogen from 
households (Laak, 1980). Raw sewage typically contains 40 mg/L of TKN and 
insignificant amounts of nitrite and nitrate.
The organic nitrogen is present mainly in the form of urea, amino acids and proteins 
(Eikum and Seabloom, 1981). The average amount of total nitrogen and urea generated 
by the human beings are 12 and 35 g/capita.d, respectively (Hanson and Flynn, 1964). 
The nitrogen transformation in soakage trench of CSTS is shown in Figure 2.1.
Generally, a septic tank accumulates septage or sludge containing nitrogen (US EPA, 
1980). The sludge contributes to the removal of 10% of total nitrogen (Hardisty, 1974). 
The nitrogen content in septic tank effluent consists of 70% ammonia and 30% organic 
nitrogen (Laak, 1980).
2.8
C h apter 2 - L itera tu re R eview
Figure 2.1 Nitrogen compounds in CSTS applications
At the soil interface, the clogging layer or mat enhances hydrolysis of urea and further 
ammonification. Nitrogen, upon entering the soil, may undergo further ammonification, 
nitrification, adsorption, ion exchange, fixation, volatilisation, biological uptake and/or 
denitrification. Definitions and causes of these reactions are given below.
A m m on ifica tion . Ammonification occurs due to decomposition of organic nitrogen 
under aerobic or anaerobic conditions. According to Viraraghavan and Ayyaswami 
(1988), at normal pH (less than 8.5), most nitrogen is in the form of ammonium ion
(NH+4).
Nitrification. Nitrification is an aerobic biological reaction that occurs in two stages to 
form nitrate. This a common occurrence in the aeration zone which is between the trench 
clog layer and capillary zone. Under warm aerobic soil conditions (pH 5.6-8.0), with a 
few cm of soil thickness, ammonia-nitrogen is quickly oxidised in soil and converted to 
nitrate-nitrogen. Nitrate ions are highly mobile, especially if disposal system is located in 
well drained and aerated soil. These ions could enter the groundwater, thus imposing 
health risks when groundwater is used as a source for water supply.
Nitrification occurs in presence of two bacteria Nitrosomonas and Nitrobacter. 
Approximate equations for the reactions and conversion involved are given in equations 
2.5 to 2.7 (Metcalf and Eddy Inc., 1991).
Ammonia to ammonium
NH3 + H20  < -->  NH+4 + OH (2 5)
Nitrosomonas oxidises ammonium into intermediate product nitrite
55NH+ + 760 + 109HCO -----> C H O N  + 54NO, + 57H O + KWH,CO, (2.6)
4 2 3 5 7 2  2 2  l  d
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Nitrobacter converts nitrite to nitrate
400NO' + NH* + 4H2C 0 3 + HCO' + 195C) —> C H O N  + 3H O + 400NO'3 (2.7)
2 4 3 2 5 7 2  2
At pH levels above 7, the equilibrium equation (2.5) is displaced to the left and at levels 
below pH 7, the ammonium ion is predominant. For nitrification (equations 2.6 and 2.7), 
DO concentrations above 1 mg/L are essential. In a septic tank, DO drop below this value 
and this tends to slow down or halt the nitrification process.
A d s o r p t io n . The adsorption of ammonium occurs in the presence of sufficient 
quantities of negatively charged clay and organic colloids. The rate of ammonium 
adsorption may vary from 2 mg N/100 g for a sandy soil to 100 mg N/100 g for a fine 
grained soil (30% clay) (Pruel and Schroepfer, 1968). As high air-water contact is 
necessary to allow the escape of ammonia (Pound and Crites, 1973), little volatilisation of 
ammonia is expected (Lance, 1972) from the soil.
D e n i t r i f i c a t i o n . Denitrification can occur in CSTS when nitrates pass into an 
anaerobic environment along with sufficient carbon source to reduce nitrates to inert N2 
gas. For maximum denitrification reaction rates, temperature and pH should be above 
10°C and 5.5 respectively (Lance, 1972). Laak (1980) claimed that segregation of 
wastewater into grey and black water will accelerate these reactions. For this purpose, a 
“RUCK” system has been used and claimed to have enhanced denitrification by providing 
a carbon source from grey water. A “RUCK” system consists of black water tank, grey 
water tank, a sand filter for treating black water, and a rock filter for the treatment of 
combined effluents prior to discharge into the disposal area (Laak, 1980). Further details 
on such systems are given in Section 2.3.
Nitrite (NO 2)* Nitrite-nitrogen is relatively unstable and is easily oxidised to nitrate 
form. It is an indicator of past pollution in the stabilisation process and seldom exceeds 1 
mg/L in wastewater or 0.1 mg/L in surface or groundwater (Metcalf and Eddy Inc., 
1991). Although nitrite is present in low concentrations, its measurement can be very 
important in wastewater or water pollution studies because it is extremely toxic for human 
consumption. To maintain a healthy water supply system, the Australian drinking water 
guidelines (NHMRC, 1996) has set a limit of 3 mg/L for nitrite-nitrogen.
Nitrate nitrogen (NO 3 ■ N). Nitrate nitrogen is the most highly oxidised form of 
nitrogen found in wastewater. Monitoring of nitrate nitrogen concentrations is of great 
importance when effluents are reclaimed for groundwater recharge. The US EPA interim
drinking water standards limits nitrates to 45 mg/L as NO 3 because of its serious and 
occasionally fatal effects on infants (Metcalf and Eddy Inc., 1991) whereas the Australian 
drinking water guidelines (NHMRC, 1996) considered nitrate concentration of 50 mg/L
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as safe to protect bottle-fed infants under 3 months from Methemoglobinemia disease. 
The same guidelines claimed that adults and children over 3 months can safely drink water 
with up to 100 mg/L of nitrate. In wastewater effluents, nitrates may vary in 
concentration from 0 to 20 mg/L as nitrate-nitrogen. Also, concentrations range of 15-20 
mg/L may be found. Patterson (1994) reported that in 71% of on-site soil absorption
systems (OSAS) in the USA, NO 3 -N concentrations in effluent and in disposal area 
exceeded 10 mg/L.
Total phosphorus (TP). Phosphorus always occurs in wastewater in the form of 
phosphates. These are classified as orthophosphates, condensed phosphates, and 
organically bound phosphates which appear in solution and/or particles. Larger quantities 
of phosphates may be added to CSTS in laundering and cleaning operations, because 
these materials are the major constituents of many commercial cleaning products. 
Orthophosphates applied to agricultural or residential cultivated lands as fertilisers are 
ultimately conveyed into surface waters through storm runoff. Organic phosphates are 
formed primarily by biological processes. These contribute to sewage by body wastes 
and food residues and may be formed from orthophosphates in biological treatment 
processes. The discharge of effluent with high phosphate level into the river systems can 
cause algal bloom.
About 70% to 80% of phosphorus is discharged into the soakage trenches and the 
remaining is stored in septage (Laak, 1986). The significance of phosphorus in septic 
tanks is studied by Sawhney and Starr (1977) who reported phosphorus concentrations 
of 0.5 mg/L (98% removal) about 60-70 cm below a 6 year old disposal area. It is 
believed that by allowing the system to rest for some time, regeneration of phosphorus 
sorption capacity of the soil occurs, and then the soil will be capable of removing 
additional phosphorus from wastewater over a longer period of time (Sawhney and Starr, 
1977). The regeneration of adsorptive capacity would be very slow, perhaps requiring 
about six months. During this time, phosphates combine with iron (Fe), Aluminium (Al) 
or Calcium (Ca) and becomes insoluble. The adsorption, chemical precipitation and 
regeneration process is then repeated once Fe, Al and Ca are released into the soil solution 
from the soil particles. Generally, the regeneration process relies on the availability of 
these metals and mineral ions in the soil (Laak, 1980). The adsorption capacity of 
phosphates varies from soil to soil, this accounts to 1-10 mg/lOOg of soil for sands and 
up to 1000 mg/lOOg of soil for clays (Metcalf and Eddy Inc., 1991).
Typical literature values of P vary between 4 and 15 mg/L for untreated wastes (Metcalf 
and Eddy Inc., 1991). Lower P concentrations were reported elsewhere (Christova-Boal 
et al., 1995) where P concentrations in grey water were claimed to range from 0.062 to
4.4 (Bio-Z detergent) and from 0.1 to 0.63 mg/L (Potassium based detergents).
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Surfactants. Also known as detergents, or surface-active agents, surfactants are large 
molecules slightly soluble in water and cause foaming in septic tanks. During influent 
discharge into a septic tank, these compounds gather at the surface of the air bubbles and 
thus create a very stable foam. As a result, biological treatment suffers due to the limited 
supply of oxygen needed by the aerobic bacteria to liquefy solids present at the surface. 
Consequently, the liquification process decreases, whereas sludge accumulation at the 
bottom of the tank increases and solids are either found in suspension within the septic 
tank or washed out into the disposal area.
Most of the powder detergents in the market consist of a combination of surfactant, fabric 
brighteners, sodium phosphate which soften water and disperse soil, sodium carbonate 
and sodium silicate which break up soils. These can increase the phosphates in effluent, 
thus causing algal growth, if effluent is discharged into surface water (Bernhart, 1973). 
The sodium ions found in laundry detergent were estimated at 38% of the total ions in 
wastewater (Patterson, 1994). High sodium ions results in the increase of salinity of 
wastewater, the sodium absorption rate and may increase the potential of clogging of the 
disposal area.
Pholeros et al. (1993) estimated the use of 60.4 g/capita.d of cleaning agents in the 
Pipalyatjara community. This estimate was based on surveying 12 houses and from the 
community store records over 22 weeks period.
Oil. The fats and oils in domestic wastewater are commonly derived from animal 
products, seeds, nuts, and certain fruits. These are among the more stable form of organic 
compounds and are not easily decomposed by bacteria. The presence of high oil 
concentrations in a septic tank can interfere with the growth of bacteria which in turn 
affects the treatment process.
Inorganic components. In addition to the above, wastewater may have picked up 
varying concentration of inorganic components. The level of these depends on water 
consumption and the household use of chemicals and detergents. The inorganic 
pollutants, given in Table 2.3, tend to account for about 15% to 20% of the total organic 
and inorganic contaminants (Patterson, 1994).
Sodium adsorption ratio (SAR). This ratio indicates the indirect effects of high 
sodium content on the deterioration of the physical condition of a soil such as formation 
of crusts, water-logging, and reduced soil permeability. In agriculture, a significant 
reduction of the infiltration rate makes it impossible to supply the crop with enough water 
for vigorous growth. The infiltration problem occurs within the top few centimetres of the 
soil and is mainly related to the structural stability of the surface soil. To predict a 
potential infiltration problem, the sodium adsorption ratio (SAR) is often used (Metcalf 
and Eddy Inc., 1991).
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Table 2.3 Mineral levels in domestic wastewater (Patterson, 1994)
Parameter Range, mg/L
Sodium 40-70
Calcium 15-40
Potassium 7-15
Magnesium 15-40
Phosphate 20-40
SAR can be determined using equation 2.8 where the cation concentrations are expressed 
in mg/L. For this purpose, some of the inorganic compounds, listed in Table 2.3, should 
be measured. Knowing the salinity of applied wastewater (ECW expressed as dS/m), SAR 
and the local guidelines for interpretations of water quality for irrigation, infiltration 
problems can be predicted. Further details can be found in Metcalf and Eddy Inc. (1991) 
and Patterson (1994).
SAR =
Na
If Ca + Mg (2.8)
A recent wastewater study conducted by Patterson (1994) suggested that septic tank 
effluent with a SAR of 11 increases the soil dispersion and decreases the hydraulic 
conductivity over a 15 month period. The same study recommended treatment of soakage 
trenches, when SAR is high, by adding lime or gypsum into the septic tank. The 
hydraulic conductivity measurements conducted by Patterson (1994) also concluded that 
septic tank effluent with an average SAR of 3.6 reduces soil hydraulic conductivity in 
many Australian soils, and SAR above 5 shows dispersion, decreased infiltration and 
further reduced hydraulic conductivity. Laak (1986) reported that SAR of septic tank 
effluent is typically 4.6 and is not considered to be a problem when it remains less than 8.
2.2 On-Site Sewage Management Systems: Licensing,
Legislation, Standards and Local Codes
The role of the government bodies, standards and local codes in the approval, 
construction and installation of septic tanks and disposal area vary from state to state. In 
each state and territory, government Health Departments and Environment Departments 
(eg., EPA or local Councils), are responsible for the licensing of wastewater installations 
and discharge of effluent, respectively (Marshall, 1998). Due to the similarity in the main 
legislating and regulatory authorities roles in all states, only those of SA and NSW are 
given here.
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2.2.1 SA Public and Environmental Health (Waste Control)
Regulations
The recent regulations in South Australia came, under the Public and Environmental 
Health Act (1987), into operation on 15 May 1995. Some of the main regulations are 
listed below:
• P art 2, D ivision 1 identifies the SAHC as the relevant authority in relation to an 
application for approval to install a wastewater system, or to alter an existing system 
that has been installed. This authority is only applicable in cases where the wastewater 
system: i) is to be installed outside the area of a council; ii) is connected to a septic tank 
effluent drainage scheme (STED or CEDS); iii) is to be altered by a council or by a 
person acting in conjunction with a council; or iv) the wastewater system does not 
conform with a prescribed code. If the wastewater system is to be installed within the 
area of a council, the council is the relevant authority. However, a council must, at the 
request of SAHC, provide any information if the setback distances outlined in their 
code are not followed.
• P art 2, D ivisions 2 and 3 identify the requirement and procedural issues related to 
approval of new systems, disposal and reuse (Water Resource Act 1997) of effluent.
• Part 3, D ivision 1 explains the mandatory notification stage, where a person who is 
installing a wastewater system, is required to notify the relevant authority of the 
completion of specified work. This part also explains the power of an authorised 
officer to enter premises, inspect, examine and test the wastewater system or undertake 
activity to facilitate the inspection or examination.
• P art 3, Division 2 explains the power of the relevant authority, by notice in writing, 
to order the owner or occupier of premises, where a wastewater system is located, to 
take specified action to alter or repair defective fixture, to remove sludge, to service 
and maintain the wastewater system, or in case of a defective system, replace the entire 
system.
• Part 4  gives the SAHC or councils the power, by notice in writing, to order the owner 
or occupier of premises, where a wastewater system is located, to connect the septic 
tank to CEDS or sewer.
The above regulations do not apply, under the Environment Protection Act 1993, to any 
part of a wastewater system operated under EPA or in the case when the disposal or reuse 
of effluent from a wastewater system is subject to an EPA approval.
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2.2 .2  NSW Local Government Act (Approvals): Recent Amendment
The recent Amendment to the Local Government Act (Approvals) Regulation 1993 known
as Local Government (Approvals) Amendment (Sewage Management) Regulation 1998
gave councils additional power to regulate on-site wastewater disposal systems. A brief
description of this amendment is given below:
• A package of local government reforms and guidelines was gazetted on 6 March 1998 
to enable more effective council regulation and performance supervision of household 
septic tanks and other small on-site sewage management facilities.
• The new regulations require owners of relevant premises to apply to the council for 
approval to operate a system of sewage management.
• The grant of renewable approval allows the council to monitor performance on regular 
basis and to recover an annual renewal fee to cover monitoring costs.
• The amendments do not alter the existing powers and duties of the council to regulate 
the installation and operation of on-site sewage management systems under Section 68 
and Section 124 of the Local Government Act.
• Council must adopt an approved fee for applications of approval to operate a new 
system installed after 6 April 1998 by resolution and public notice under Section 612 
of the Act as soon as possible (a fee of not more than $30 is recommended).
• Landowners with on-site sewage management facilities installed prior to 6 April 1998 
must apply to the council for approval to operate a system of sewage management on 
or before 30 September 1998 (recently extended to July 1999).
N SW  Local Government A c t (1993), Part 3, Clause 2
•  Application of installation of septic tank.
• Council approval of installation, construction and alteration of a septic tank is subject 
to NSW Health Department approval of the system design in the first place.
N SW  Local Government A c t (1993), Section 68, Part C-M anagement o f Waste
•  Installation approval is the jurisdiction of the local council.
• The NSW Department of Health is the approving authority for new design or applied 
modifications to septic tanks or the effluent.
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2.2.3 NSW Soil Conservation Service: Department of Conservation 
and Land Management
The Department of Land and Water Conservation contributed, with the Department of 
Local Government, Environment Protection Authority, Department of Urban Affairs and 
Planning, to the development of the environmental and health protection guidelines for 
OSWS (Department of Local Government, 1998). Another role of the Department of 
Land and Water Conservation is to define and assess the impact of effluent disposal on 
land stability.
2.2.4 NSW Environment Protection Authority (EPA)
Prior to July 1999, the EPA was the approval authority of OWMS serving more than 10 
occupants where influent flow is greater than 2000 L/d. Consequently, the Clean Water 
Act did not apply for the installation of a small system, serving less than 10 
occupants/household, which requires the approval of the local council/authority.
New environmental protection legislation, known as The Protection of the Environment 
Operations (POEO) Act 1997, commenced on 1 July 1999. This has consolidated the 
Pollution Control Act, Clean Water Act, Clean Air Act, Noise Control Act, Environmental 
and Penalties Act and the regulatory provisions of the Wastewater Minimisation and 
Management Act into one Act. Under the new changes, wastewater management systems 
serving a population load under 2500 occupants become the responsibility of Local 
Councils (Bungey, 1999).
2.2 .5  Standards and local codes
Some of the standards and local codes which can be used while selecting and installing an 
on-site wastewater disposal system are described below:
• AS 1546 (1998). Relates to the physical dimensions of approved tanks designs.
• AS 1547 (1994) and recent Draft AS 1547 (1999) sets out recommended practice for 
effluent disposal.
• Department of Local Government (1998) sets out the guidelines to the use of septic 
tanks and other OSMS. These guidelines aim to assist local councils in regulating 
OSMS and provide general guidance to householders and developers.
• Victoria EPA (1990) gives practical information regarding design and maintenance of 
septic tanks.
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•  SAHC (1995) sets the technical details to be considered in the planning stages of a 
waste control system and sets the requirements relating to applying for approval, 
installation and operation of systems in South Australia.
• THS (1996) code specifies standards for the correct design, construction, installation, 
certification and maintenance of (i) traditional septic tanks; and (ii) alternative systems 
including aerated wastewater treatment systems (AWTS), aerobic sand filters, 
composting toilet, etc.
2.3  On-site Wastewater Treatment Technologies
On-site wastewater management systems (OWMS), relying on wastewater infiltration into 
the soil and évapotranspiration, as means for further treatment and purification of wastes 
are usually acceptable only in non-reticulated areas of Australia. The selection criteria for 
OWMS depends on existing local government regulations (approvals), public health 
guidelines, site conditions, availability of technology, design limitations, maintenance 
skills and resources. Although the OWMS are known to be cheaper than centralised 
wastewater treatment plants under certain conditions, well designed and performed 
OWMS are still regarded as ecological and sustainable options in areas with low 
population density.
There is a wide range of technologies available for the treatment and disposal of domestic 
wastewater that can be applicable for remote Aboriginal communities, however, each of 
these technologies may be only suitable in certain and specified conditions. Therefore, the 
technologies’ conditions of approval, principle of operation, design parameters, effluent 
disposal methods and history of performance have to be explored. Some of the 
technologies which may be considered acceptable to the area of study are summarised as 
follows:
1. Pump out septic tank (POST).
2. Conventional septic tank systems (CSTS). These comprise of septic tanks and 
absorption trenches or beds (deep or shallow depending on groundwater level and soil 
permeability). CSTS may also include septic tanks, sand filters and disposal area.
3. Aerated wastewater treatment systems (AWTS) and also known as aerated septic tank 
systems (ASTS).
4. Composting toilets.
5. Common effluent drainage scheme (CEDS).
Of the 5 types, individual septic tank systems are still regarded as a cheap and effective 
alternative however, sometimes the septic tank effluent quality can be highly polluted and 
therefore an alternative effluent disposal scheme such as CEDS may have to be employed.
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The need for further treatment of septic tank effluent depends on the removal efficiency 
achieved in the individual septic tanks. Generally, regular maintenance and monitoring 
programs are required to ensure adequate operation and safe effluent disposal.
The selection of a particular effluent disposal system at a given site is governed by the site 
specific conditions. Overall, the effluent generated from each of the technologies listed 
above is disposed of by land-application as shown in Figure 2.2. Further details on the 
selection criteria and the type of land-application for effluent treatment/disposal are given 
in the following sections.
Marshall (1998), in a recent survey, estimated the proportion of population using OWMS 
in remote Aboriginal communities at 60%. Similarly, the usage of other sewage systems 
was also identified as given in Table 2.4.
Table 2.4 Proportion of remote population using different sewage systems 
in Aboriginal communities (Marshall, 1998)
Figure 2.2 OWMS for remote Aboriginal communities
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2.3 .1  Pump-out septic tanks (POST)
The use of a traditional septic tank for the storage of domestic wastewater can be traced 
back to about 1860 with the early work of Mouras in France (Alth and Alth, 1984). 
Generally, septic tanks are prefabricated units that serve as combined settling and 
skimming tanks and as unheated-unmixed digesters. They can be made of concrete, 
fibreglass or other material.
Conditions of approval. A POST is a traditional septic tank which provides sufficient 
storage capacity for domestic wastewater. The approval for such a system is granted on 
the basis that a reticulation system will become available in the near future (Spooner,
1997). Such systems are commonly used by councils in recreational areas and in 
circumstances where site conditions are not favourable for achieving on-site disposal of 
septic tank effluent, particularly in areas where rain exceed 800 mm per annum (THS, 
1996) or 900 mm per annum (Victoria EPA, 1990). A list detailing the POST conditions 
of approval in the Northern Territory can be found in THS (1996) and NSW conditions 
of approval can be found in Khalife (1995).
Principle of operation. A POST can be constructed in the form of one or multiple 
units which allow the storage and treatment of wastewater by anaerobic bacteria. In this 
type, settleable solids are removed periodically (weekly or monthly) by a contractor 
where energy is required for pump-out operations. In other cases, the installation of 
multiple units may be recommended to provide an additional storage space. This can be 
beneficial in rural and remote areas or if the tanker service is limited.
Capacity. The size of the holding well varies between 3600 and 4200 litres for an 
average family unit. The tank shall have an effective capacity (liquid volume) equal to at 
least 4 days daily inflow into the septic tank (THS, 1996). For a known family size and 
average daily flow per capita, the effective capacity can be determined using equation 2.9. 
Such a system does not need any land area for effluent discharge and thus results in full 
utilisation of the available land for other purposes.
V  = vPOST t QPW
where,
V =v  PO ST volume of pump-out septic tank, L
tw  = liquid detention time, d (4 days minimum)
Q = daily wastewater inflow rate, L/capita.d
P = number of persons using the tank
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Effluent reuse and disposal. To allow the use of grey water, splitting of the 
drainage lines of W.C. and bathroom wastes may be arranged (subject to approval of 
local authorities). However, holding tanks for storage of black water and the service of a 
pump-out tanker are required for pump-out operations. The laundry and kitchen lines may 
be directed to a disposal area on-site (subject to approval of local authorities). Generally, 
the advantage of such a system over a full pump-out operation is the reduction of pump­
out costs. However, part of the property area is still required for the disposal of the 
effluent.
Major problems. Some of the problems behind the use of POST are that an effluent 
disposal scheme for the treatment process is often costly and has a potential for pollution. 
Past experience regarding the discharge of reclaimed water from council operated septic 
tanks effluent disposal schemes has resulted in degradation of South Australia's water 
courses in many locations (Desmier, 1991). Current practices in dealing with septage are 
contractor based operations such as the service provided by Brown Ferrous Industry 
(BFI) in NSW. This practice consists of collecting septage from POST and injecting it 
into the sewer lines. Because, septage contains a high concentration of pollutants such as 
nutrients and bacteria in varying loads, alternative disposal of septic tank effluent by 
upgrading currently installed systems seems to be appropriate to reduce pollutant loads on 
wastewater treatment plants (WWTP) and the ongoing risk of occasional pollution. 
Alternatively, as in the case of Western Australian Health Department (1987), the 
construction of a treatment plant for POST effluent and grease trap wastes may have to 
considered. This will enable proper treatment of POST septage prior to its discharge into 
the sewer system. The methods of disposal used in early days were through land- 
applications (eg., lagoons). These are not environmentally acceptable as they may cause 
contamination of adjoining sites and bores due to overflow and infiltration, odours and 
are not economical as often associated with high reticulation costs.
POST can pollute the environment (eg., discharge into the waterways) and create public 
health concerns. To cut down the cost of pump-out operations, some owners illegally 
discharge the effluent into the waterways and storm water drainage. Other users simply 
allow surfacing of effluent and subsequent discharge into the storm water drainage or 
neighbouring property. These forms of illegal discharges are hard to monitor as 
investigation only takes place when failure is reported by concerned bodies or 
neighbours.
Due to the population mobility within the Aboriginal communities, the installation of 
POST can have adverse effects on health and environment as POST rely constantly on the 
reliability of user and pump-out tanker services. The user has to be aware of water 
conservation measures and how to assess the need for a pump-out. The user educational
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standard, remoteness of the Central Australian Aboriginal communities, and the level of 
services currently available do not endorse the installation of POST. A recent survey has 
not identified the use of POST in remote Aboriginal communities (Marshall, 1998).
2.3.2 Conventional Septic Tank Systems (CSTS)
Conventional septic tank systems are widely used in rural and remote Australia for the 
treatment/disposal of wastewater generated in individual households, specifically where 
the soil and site conditions are suitable and the residential density is relatively low. A 
conventional septic tank system consists of the sanitary plumbing fixtures connected to 
drain pipes that transport wastewater to treatment device, a sewage treatment tank, an 
effluent distribution box and an effluent disposal system (surface and/or subsurface 
effluent irrigation or disposal) (THS, 1996). The sewage treatment tank can be a single or 
multiple compartments and the effluent disposal system can be in the form of soakage 
trenches, transpiration beds, mounds or others. A dosing chamber is often incorporated 
in the system to allow for effluent inspection and distribution. Also, under certain 
topographical site conditions, a system may incorporate a pump to facilitate dosing of 
effluent, from the primary tank or distribution box, that cannot be discharged of by 
gravity into the disposal field.
Conditions of approval. CSTS installations are mostly accepted under particular site 
conditions where households are located on coarse sand, sandy soils and in locations 
where groundwater lies at an average depth of not less than 10 m. However, in areas 
where the permeability of soil is poor and/or the water-table is high, CSTS can still be 
used. In this scenario, the disposal area has to be shallow or above ground (eg., sand 
filters or mounds). The NSW conditions of approval for these systems can be found in 
Khalife (1995).
Principle of operation. This can be similar to that of primary treatment incorporated 
in aerated septic tank systems. Unless otherwise specified, sewage often flows by gravity 
from the house into the septic tank and finally into the land-application area.
Generally, a septic tank relies on biological processes to break down raw wastewater. 
Three distinct zones exist within a septic tank namely the scum, detention and sludge 
zones. A septic tank must be baffled and installed with inlet and outlet of square entry 
angle type junction, to prevent the disturbance of the scum during effluent discharge. The 
minimum period in the detention zone should be 24 hours to ensure 60% to 70% SS 
removal and a reduction of at least 30% in BOD5 (SAHC, 1995; THS, 1996). In the 
USA, sewage is detained by 3 to 5 days (Alth and Alth, 1984). This is relatively high 
when compared with Australian Standards, SAHC (1995) and other codes which specify 
a minimum detention time of twenty four hours.
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The primary tank or compartment acts as a stilling pond and as an incubator for anaerobic 
bacteria, yeasts, fungi and actinomycetes. After the comparatively rapidly moving 
wastewater leaves the drainage pipe and enters the tank, liquid movement almost ceases. 
This serves two functions, solids sink to the bottom and anaerobic bacteria thrive much 
better in still water than in moving water (Alth and Alth, 1984). At this stage, anaerobic 
bacteria break down the solids.
The anaerobic community of microscopic organisms keep attacking and digesting the 
organic solids as they sink to the bottom of the tank. In this process, methane, hydrogen 
sulfide (H2S) and other gases are produced as a by-product. The gas bubbles rise to the 
surface of the liquid, bringing along fine particles of solids matter. These fine particles, 
together with oils and grease, form a scum over the surface of the liquid. The underside 
of the floating layer of scum provides an ideal breeding place for the anaerobic bacteria. 
The bacteria continue their growth, as long as the organic matter is present in the tank and 
liquid temperature does not drop below freezing. If the influent becomes cold, anaerobic 
activities slow down considerably. Screening at a later stage can be beneficial as the 
anaerobic bacteria cannot digest plastic or any inorganic materials. Therefore, non­
degradable material remaining in the tank must be eventually removed by pumping it out 
as sludge.
A typical septic tank currently approved for installation in Pipalyatjara community is 
shown in Figure 2.3. The by-products of anaerobic degradation are shown in equation 
2.10 (Alth and Alth, 1984).
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CH4
Anaerobic Organic enzyme Bacteria H20
bacteria + substances -------> Protoplasm + + energy (2.10)
(C5h 7o 2N) h 2S
P 04
c o 2
After a certain detention period, effluent is discharged into a drain or disposal area (land- 
application) where its seeps into the soil after passing a filtration media. The media can be 
of gravel, broken tiles, peat or other absorbent material. Due to the presence of pores in 
the filter media, septic tank effluent receives some oxygen and aerobic bacteria rather than 
anaerobic bacteria becomes active and starts breaking the effluent down to nutrients and 
chemicals that support plant life (plant uptake).
Septic tank effluent contains organic substances as well as pathogens, bacteria, and 
viruses. Although the bacteria tend to promote the decomposition of organic matter, such 
effluent cannot be simply discharged of on-site without further treatment. Aerobic bacteria 
attacking the effluent from a septic tank produce the sequence of change shown in 
equation 2.11 (Alth and Alth, 1984).
Aerobic 0 , enzyme Bacteria
c h 4
h 2o
bacteria + (effluent) -------> Protoplasm
(c 5h 7o 2N)
+ n h 3 
h 2s
P04
c o 2
+ energy
Interceptors or grease traps are sometimes used in conjunction with septic tanks to 
minimise the reduction of infiltration capacity of the disposal area. The interceptor tanks 
are used to trap grease by cooling and flotation. It should be noted that the interceptor tank 
should detain the fluid for an adequate time (typically greater than 30 min).
Section 5.3 of the SAHC (1995) has outlined the following list of prohibited material, 
which if discharged may impair the operation of a septic tank:
• any storm water, including roof and rainwater tank overflow, and surface drainage 
waters,
• any backflush waters from a swimming pool or water softener,
• any sanitary or backflush waters from a spa bath/pool in excess of 680 L capacity,
• any sanitary napkin, clothing or plastic material or liner,
• any trade waste,
• any petrol or other flammable or explosive substance whether solid, liquid or gaseous,
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• any disinfectant or deodorant, antiseptic or germicide powder or fluid, unless 
specifically stated to be suitable for use in a septic tank, and
• any other matter or substance that would impair the effective operation of a septic tank.
Although warning for penalties for non-compliance is made by SAHC (1995), it is 
extremely difficult to regulate or detect user behaviour or discharges in any circumstances. 
A better approach is to educate users about the implications of these prohibited discharges 
as this can be more effective than serving a notice. Generally there is a lack of 
understanding of the operational principles among septic tank systems users.
Capacity. The tank must have a sufficient capacity to ideally provide for a minimum 24 
hour retention of the daily flow into the tank (SAHC, 1995 and THS, 1996) or to handle 
the sewage and/or sullage load for a minimum of six persons (SAHC, 1995). Capacity 
calculation as recommended by SAHC (1995) and THS (1996) are compiled in Table 2.5.
Table 2.5 Capacity calculation for residential and non-residential properties 
(compiled from SAHC, 1995 and THS, 1996)
D w ellings Capacity, L
Residential
All wastes up to 6 persons 3000
For each additional 2 persons add 1000
Black water
Up to six person 1620
For each additional 2 persons add 540
Multiple occupancy, flats and town Number of actual bedrooms plus one bedroom
houses multiplied by 2 person per bedroom
Non-residential property V= S.P1.Y+P2.DF 
where,
V= tank capacity, L 
S = rate of sludge accumulate rate, 
L/capita.yr
PI = average number of persons using the 
system, daily basis 
Y = desludging frequency, year 
P2 = max. number of person using the
system, daily basis (not less than 6)
DF = daily inflow in litres per person per day
Although the SAHC (1995) is satisfied with 150 L/capita.d in calculating the tank 
capacity for residential areas, THS (1996) adopted different approach which specify a 
minimum daily inflow of 150 L/capita.d for urban and rural living areas and 300
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L/capita.d for Aboriginal Housing in remote area communities. In the Northern Territory 
(NT), a nominal capacity of two persons per bedroom is used for daily flow calculations 
(eg., 300 L per bedroom in urban and rural living areas and 600 L per bedroom for 
Aboriginal Housing in remote area communities). In NSW, the capacity of an all waste 
system (septic tank) should not be less than 2300 L (AS 1574, 1994). The minimum 
septic tank capacity for urban, rural and remote Aboriginal areas in the NT are given in 
Table 2.6.
Table 2.6 Minimum septic tank capacity for urban, rural 
and remote areas in NT (THS, 1996)
No. of bedroom
Minimum capacity, L
All waste system Split systems
Septic tank Black water 
tank
Grey water 
tank
For urban and rural living areas
3 or less 2500 1000 1500
4 3000 1350 1800
5 3500 1700 2200
6 4000 2000 2500
For Aboriginal housing on remote area communities
2 or less N/A 2000 3000
3 N/A 3000 4000
4 N/A 4000 5000
5 N/A 5000 6000
All waste systems are no longer approved in Aboriginal Housing in the remote 
communities of the NT, except where septic tanks are connected to a CEDS. In this case, 
tank capacities for urban and rural living areas may be used. The tank capacities, given in 
Table 2.6, must be increased by 1000 L if receiving waste from food waste disposal units 
(FWDU), and increased by 250 or 500 L if receiving waste from spa-bath (THS, 1996). 
Overall, the capacity of die septic tank for residential premises must be of sufficient 
volume to accommodate the sludge/scum generated over four years (SAHC, 1995). The 
desludging frequency corresponding to tank capacity is given in Table 2.7.
Table 2.7 Desludging frequency (SAHC, 1995 and THS, 1996)
Tank capacity, L Desludging frequency, yr
<5000 4
5000-10000 2
> 10000 1
Effluent reuse and d isposal. The applicant/owner has to provide evidence 
demonstrating that the disposal site is capable of achieving effective long-term subsurface 
effluent disposal. Due to the adverse soil characteristics encountered in many parts of 
South Australia, the site intended for subsurface disposal of effluent must be assessed by
2.25
C hapter 2 - L itera tu re  R ev ie w
a geotechnical consultant to obtain a report confirming site compliance. Failure to satisfy 
site assessment criteria, a waste disposal system may need to be modified to include 
additional treatment and/or disposal requirements, or alternatively require an off-site 
effluent disposal system (SAHC, 1995). The septic tank effluent from residential and 
non-residential allotments can be disposed of and treated by ground absorption systems in 
the following methods:
• absorption trenches (AT) as shown in Figure 2.4,
• absorption beds (AB), évapotranspiration trenches or beds (ETB) as shown in Figure 
2.5,
• absorption wells (AW), and
• sand filters (eg., buried, intermittent, recirculating and shallow filters or mound 
system).
Figure 2.4 Durable self supporting arch trench (AS 1547, 1994)
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Figure 2.5 Typical évapotranspiration beds on levelled site (< 5% slope)
(AS 1547, 1994)
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CSTS effluent can be disposed of either through intermittent gravity flow or by periodic 
dosing using a pump or a siphon. If intermittent gravity flow is applied, a biomat 
develops progressively on the infiltrative surfaces of the disposal field. The biomat serves 
as a biological treatment unit and as a mechanical and biological filter. The biomat, also 
called biocrust, can control the hydraulic capacity of the disposal field unless the soil is 
composed of very coarse gravel or in soil containing significant amounts of clay. Further 
information on the biomat or biocrust can be found in Section 2.4.3.
If the soil permeability indicates that the soil is practically impermeable (less than 0.05 
m/d), site conditions must be improved or an alternative method of effluent disposal must 
be used. The improvement of site conditions is subject to re-assessment of soil 
permeability. THS (1996) suggested the improvement of site conditions by:
• digging out the impermeable soil to a depth of at least 500 mm below the bottom of the 
proposed absorption trench/bed and replacing with a more permeable imported soil,
• mixing gypsum into the soil to produce a more granular texture, or
• mixing organic matter into the soil to produce a more permeable matrix.
In soils with high permeability, septic tank effluent should be distributed periodically in 
small doses over the entire disposal area to achieve effective treatment. Dosing is usually 
accomplished with a pump or a siphon.
Major problems. Despite the precautions and site selection criteria, past experiences 
with CSTS were not successful in eliminating pollution hazards. This has been 
investigated by many studies who related the problems to lack of knowledge on the 
operational aspects. Frequent failure of CSTS was often claimed to be caused by poor 
design, hydraulic and organic overloading, use of prohibited substances with slow 
decomposition rate such as detergents, soap, fats, oils, salts and antibiotics. The 
combined effect of these tend to cause clogging of soil pores in the disposal area, 
backflow, surfacing or ponding of wastewater, contamination of water resources and 
thus creating public health hazards.
Performance of septic tank systems and their effluent disposal area were examined in 
several small communities in South Australia and New South Wales by Geary (1992a). 
The author reported the poor performance of septic tank systems to be related to 
inadequacy of the land capability to absorb wastewater and underdesign of the disposal 
areas.
Failure of CSTS due to design and site conditions prompted the examination of an 
alternative treatment medium, such as peat, to be used in OSMS. Column studies 
conducted by Viraraghavan and Rana (1991) evaluated the performance of a peat filter
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system in removing pollutants from septic tank effluent. The study reported SS removal 
of 85% to 90% and BOD5 removal of 78% to 90%. In addition, excellent faecal coliforms 
removal were also claimed.
Other alternatives to rectify problems associated with the use of AT is the concept of 
alternating trenches, allowing the failed trench to rest, or pressure distribution which can 
only be used in coarse soils (Eikum and Seabloom, 1982).
2.3 .2 .1  Absorption trenches (AT)
Absorption trenches are generally limited to sites where the soil's permeability is between
0.05-0.6 m/d (AS 1547, 1994). These systems are reported to be successful in areas of 
rainfall greater than 700 mm (Slater, 1981).
Absorption trench may consist of a perforated plastic pipe or tunnel. Also, standard or 
jumbo perforated plastic tunnel can be used for the distribution of effluent. The tunnels 
are preferred in areas where average rainfall exceeds 800 mm per annum and in 
communities where large fluctuations in effluent disposal rate often occur (THS, 1996). 
Figure 2.4 shows construction details of an arch tunnel. For full dimensions details refer 
to SAHC (1995).
During the construction and installations of AT, considerations should be given to the 
following:
• the absorption trench is positioned parallel with the contour of the land and the top and 
bottom of the trench should be set level for the entire length. This will ensure that the 
water, entering the trench, will rise evenly to give proper distribution through the soil, 
and
• the trench length needs to be determined for each installation based on soil percolation 
rate (generally, the total length of the trench is not less than 30 m).
2 .3 .2 .2  Absorption beds, evapotranspiration trenches or beds
When the bottom of the disposal area is wider than 900 to 1200 mm, it is usually called a 
disposal bed. Successful use of disposal beds were reported to be limited in areas of 
annual rainfall below 700 mm. Evapotranspiration beds (ETB) are used when the 
permeability of the soil is less than 0.05 m/d. Moreover, beds require careful construction 
and are still considered most useful where space is limited (Slater, 1981). Generally, ETB 
has a shallow depth and a large plan area to depth ratio. The effluent from a primary tank 
rises into the root zone of the vegetation cover. This occurs primarily through the action 
of the grass layer. This layer covers the bed, absorbs the water and transpires it through
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the leaves with the action of the sun and wind. The base for the bed needs to be set level 
and approximately 140 m2 of area is required. Details on the use of an ETB in sloping 
conditions can be found in AS 1547 (1994). Generally, an ETB can be suitable in urban 
and rural living areas, and in commercial and industrial sites where land is available.
Patterson (1994) suggested that because of the evaporative loss of water, specific ion 
toxicity can occur. The loss of water through évapotranspiration leads to the concentration 
of sodium, potassium, zinc, copper and other wastewater ions which may be toxic to soil 
flora and fauna.
The size of the absorption bed area and length can be determined by a similar approach to 
that followed for absorption trenches. The length of the absorption bed should not be less 
than the width and no longer than 3 times the width with a preferred length to width ratio 
of 2:1. More information on this can be found in THS (1996). Figure 2.5 shows 
construction details of transpiration beds on a levelled site.
2 .3 .2 .3  Absorption wells (AW)
These are installed in areas where very limited land is available, in deeper pervious soil 
layers (up to 2.5 m) and where groundwater does not rise within 3.0 m of the natural 
surface (AS 1547, 1994). In approving the installation of an AW, considerations should 
be given to the following:
• well diameter is not less than 1 m,
• groundwater does not rise within 3.0 m of natural surface,
• depth of excavation allows sufficient percolation area,
• a liner should be installed at the top of the well, using stone, brick or concrete blocks 
laid dry with open joints,
• the top liner should be covered with 75 mm of clean durable aggregate,
• before the bottom liner is installed, the well is filled with 300 mm of coarse gravel or 
broken stone, and
• the top of the well is fitted with a removable reinforced concrete slab.
2 .3 .2 .4  Septic tank with sand filter
A sand filter is a commonly used process as a tertiary treatment of wastewater in many 
countries including Australia. The filter is used in conjunction with a septic tank as a 
means of treating effluent after settling in the primary tank. It is claimed that it reduces 
clogging in CSTS disposal area often related to hydraulic loading rate, quality of the
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applied effluent, application method, temperature, and soil factors such as moisture 
content and voids pores.
In many cases where sand filters are introduced, the effluent remains to be disposed of to 
subsurface soil systems. Sand filters have been reported as succeeding, in improving the 
quality of the septic tank effluent (US EPA, 1992). Otherwise, the sand filter can be used 
as a substitute for absorption trenches in circumstances where soil is impermeable and 
where rock layers are underlying the disposal area. The sand filter may be installed 
downstream from a septic tank with an outstanding purification performance at a supply 
rate of 150 L/m2.d. Removal efficiency of over 90% for BOD5 and other pollutants has 
been reported. The system can be a compact, relatively low cost alternative and can be 
used for individual households and for effluent treatment from a small community (less 
than 400 inhabitants) (Fazio et al., 1993). No sand filters are known to be installed in 
remote Indigenous communities (Marshall, 1998).
Sizing of sand filter. A sand filter is sized according to the hydraulic and organic load 
and must not exceed 50 U  m2.d and 25 g BOD5/m2.d. THS (1996) specify, as given in 
Table 2.8, the sizing criteria for a sand filter receiving domestic septic tank effluent in 
urban or rural areas. The actual surface area is based on the higher of the two surface 
irrigation areas calculated from the hydraulic and organic loads.
Table 2.8 Sizing criteria for a sand filter (compiled from THS, 1996)
Parameter Value
Hydraulic load, L/capita.d 150
Hydraulic load, L/m~.d 50
Organic load, g BOD^capita.d 50
Organic load, g BODs/nT.d 25
There are a number of different sand filter designs available : (1) buried single pass filter, 
(2) intermittent sand filter, (3) recirculating granular-sand filter, (4) shallow sand-filter 
pressure-dosed field, and (4) mound system.
2.3.2 .4 .1  Buried sand filter
Buried sand filters are single-pass filters constructed below ground. Prior to covering 
with backfill material, the excavation is lined with proper impermeable membrane. The 
distribution piping is embedded in gravel or crushed rock placed on top of the filter 
media. The purpose of the geotextile fabric over the top of the gravel is to prevent the 
backfill material from penetrating into the filter. To vent the filter, the upstream ends of 
the underdrains are fitted with inspection shafts rising vertically above ground. Venting 
can also be achieved by extending the distribution piping above ground. Construction 
details of a buried sand filter is shown in Figure 2.6.
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Vent Vent
Figure 2.6 Buried single-pass sand filter (US EPA, 1992)
2 .3 .2 .4 .2  Intermittent sand filter
The use of intermittent sand filters can be traced to similar applications in 1868 and those 
used in 1920 (Metcalf and Eddy Inc, 1991). If local site conditions preclude the use of 
soakage trenches due to shallow soil cover, percolation rates that are too slow or rapid, 
high groundwater table, steep site and limited land area available, the intermittent sand 
filter may be used. Although, drip application at multiple locations are used with filtered 
effluent, such application may not be suitable here as untreated septic tank effluent has a 
tendency to clog the emitters and to produce odours. A typical schematic of an intermittent 
sand filter is shown in Figure 2.7.
Intermittent sand filters are shallow beds of sands (600 to 760 mm deep) provided with a 
surface distribution system and underdrain system. Septic tank effluent is applied 
periodically to the surface of the sand bed. The treated liquid is collected in the underdrain 
system and is commonly discharged into a disposal field or disinfected and discharged to 
surface waters. Most intermittent filters are buried.
Treatment of the effluent in an intermittent sand filter is brought about by physical, 
chemical, and biological transformations. The SS is removed principally by mechanical 
straining, sedimentation and autofiltration caused by the growth of bacteria between the 
sand grains. The BOD5 removal and the conversion of ammonia to nitrate (nitrification) 
occur under aerobic conditions by the microorganisms present in the sand bed. The 
conversion of nitrate to nitrogen gas (denitrification), routinely occurs resulting in a 
significant loss of nitrogen (up to 45%). This is brought about by the anaerobic bacteria 
within the filter bed. To maintain a high level of performance, aerobic conditions must be 
maintained via intermittent application and venting of the underdrain system.
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Figure 2.7 Typical schematic of an intermittent sand filter (Metcalf and Eddy Inc., 1991)
2 .3 .2 .4 .3  Recirculating granular-sand filter
Functionally, a recirculating granular medium filter is essentially the same as an 
intermittent sand filter. The major differences are summarised below:
• The effluent from the septic tank or another treatment unit is recirculated through the 
filter (effluent is applied to the filter for 5 min in every 30 min interval) as opposed to a 
single application,
• the effective filter medium (coarse sand or fine gravel) size is larger, and
• the effluent loading rate is greater than that for intermittent sand filter.
Recirculating granular-medium filter as shown in Figure 2.8, can be used to improve the 
level of treatment for larger flows in small communities. Typical effluent SS and BOD of 
less than 10 mg/L can be achieved (US EPA, 1992).
2 .3 .2 .4 .4  Shallow sand-filter pressure-dosed field
In some locations where the groundwater is high or the underlying strata may not be 
suitable for a soakage trenches, shallow sand-filled pressure-dosed disposal fields have 
been used successfully. Operationally, the sand-filled pressure-dosed disposal fields 
function like a combination of an intermittent sand filter and disposal field. The quality of 
the effluent after it passes through the sand filter is very high. Pressure distribution, 
which serves to distribute the effluent evenly over the sand in the trench is a key factor
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contributing to the success of this type of disposal field system. A typical shallow sand­
filter is shown in Figure 2.9.
Figure 2.8 Recirculating sand filter (US EPA, 1992)
Distribution pipe
Compacted soil v. / /  Building felt
150 min
Impervious layer 
fractured rock or 
groundwater level
150 min
310
_L
l—  915 -A
915 min
Not to scale 
Dimensions: mm
Figure 2.9 Typical shallow sand-filled pressure-disposal field trench 
(Metcalf and Eddy Inc., 1991)
2 . 3 . 2 . 4 . 5  Mound system
The mound system is an intermittent sand filter placed above the ground. Trenches or 
beds are constructed in sand placed above the natural soil. Septic tank effluent is pumped 
or dosed through a pressure distribution system placed in a gravel layer. A barrier material 
(geotextile) and a cap layer are placed above the gravel layer and the mound system is 
covered with a top soil. Mound systems can be used under the following circumstances:
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• The soil is too permeable and the water table is shallow.
• The underlying strata are highly porous and other conventional systems cannot be 
used.
• The ground slopes are less than 12%.
• The soils are slowly permeable.
The use of mound systems, where soils are slowly permeable, can be partially effective as 
accumulated effluent under the mound cannot be easily transported away. Many 
regulatory agencies no longer approve the use of community-sized mound systems 
because of the high failure rate and because pressure-dosed sand-filled trenches are far 
more effective. A typical mound system for the disposal of septic tank effluent is shown 
in Figure 2.10.
Barrier Materia] 
Absorption bed
Top soil
Soil cap
/ Distribution laterals
Clean drain rock
Sand fill material
J J  ̂  ̂  ̂ Tilled top soilPermeable sou
ITT — v~~~—— I v ----- f— v r
Water table or fractured bedrock
Figure 2.10 Typical mound system for the disposal of septic tank effluent
(Metcalf and Eddy Inc., 1991)
2 .3 .2 .4 .6  Ruck system
The Ruck system is an underground wastewater treatment system that removes nitrogen 
and phosphorus from wastewater. The process consists of separating the grey water from 
black water to reduce the loading for on-site systems. In addition, the separate grey and 
black water systems are used to achieve nitrification and denitrification of wastewater. 
Figure 2.11 shows a Ruck system’s components. Concrete sand (D10=0.16-0.22 mm, 
D6(/D io= 5, coefficient of permeability k= 3 m/d, and LTAR = 17 L/m2.d) has been 
reported to remove, from the black water tank effluent, about 10% and 100% nitrogen 
and phosphorus, respectively (Laak, 1986).
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Figure 2.11 Ruck system
2 .3 .3  A erated wastewater treatm ent systems (AWTS)
AWTS, also known as aerated septic tank systems (ASTS), have been available in 
Australia since 1983 (Bles, 1994). These tend to provide secondary treatment of 
wastewater generated from single dwellings to large communities in rural areas where a 
reticulation system is not available. The installation of AWTS with surface irrigation are 
generally preferred when trenches or transpiration beds cannot be used due to the 
topography of site (eg., steep and sloping sites), soil type (eg., sandy zone or soil with 
very low permeability), high water table and reuse considerations. AWTS have also 
become a substitute to pump-out systems to avoid overflowing and frequent pump-outs. 
In 1988, it was reported that there were about 2000 AWTS installations in NSW 
(Makestos, 1988). This indicates the degree of acceptance by both consumers and
councils. One of the types of AWTS is shown in Figure 2.12. Further details on other 
types of AWTS, design and their field performance can be found in Khalife (1995).
Principle of operation . Generally, AWTS operate on the principles of the activated 
sludge or trickling filter processes used in centralised wastewater treatment plants. In 
some cases there may be two tanks, one for primary and another for secondary treatment 
of wastewater. The secondary tank is divided into aeration, clarification, and 
disinfection/irrigation chambers.
Capacity. The minimum and maximum septic tank capacities specified by Department 
of Health (1994) are 2050 and 5000 L, respectively, with the installation of multiple 
tanks of similar size allowed to make up the total capacity required. Further details of 
capacity calculations of AWTS component are given in the following sections.
Primary chamber.  The primary chamber receives influent wastewater from the 
household. It is normally baffled to achieve better removal of both settleable and floatable 
solids.
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Figure 2.12 Typical arrangement of various AWTS components
The primary chamber is designed to accommodate the sludge accumulation for a period of 
1-2 years and retain the wastewater for 1-2 days. This will allow for the biological 
degradation of solids to take place through anaerobic digestion. Generally, about 50% and 
60% removal of BOD5 and SS are achieved, respectively. The capacity of the primary 
tank is given by:
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Vp = nSP + twQP (2.12)
where,
Vp = volume of the primary tank, L 
n = desludging frequency, yr 
S = rate of sludge and scum accumulation, L/capita.yr 
P = number of persons using the system
= detention time for the wastewater in primary chamber, d 
Q = daily wastewater inflow rate, L/capita.d
A era tio n  c h a m b e r . The primary settled wastewater then overflows into the aeration 
chamber, where the organic materials are degraded aerobically. Aeration is achieved in the 
aeration chamber(s) either by directly introducing air using blowers (activated sludge 
principle-Figure 2.12) and/or installing a porous media (trickling filter principle). A 
system incorporating both diffused aeration and support medium should be able to 
maintain high bacterial mass within the reactor. However only aeration systems using air 
blowers are discussed below. The volume of the aeration chamber can be computed by:
Va = taQP (2.13)
where,
ta = detention time for the wastewater in the aeration chamber, d.
The detention time for the aeration chamber is usually taken as one day (THS, 1996 and 
SAHC, 1995), meaning that the aerobic activity taken place within the aeration tank is of 
extended aeration type (Metcalf and Eddy Inc., 1991). Comparing this process with 
conventional activated sludge process, there are two benefits: minimum sludge production 
and high quality effluent. Typical values for the design and operating parameters of the 
aeration tank are given in Table 2.9.
Table 2.9 Design and operating parameters for the aeration tank (Metcalf and Eddy Inc., 1991)
Param eters V alues
Hydraulic detention time, h 24-36
Solids retention time, d 20-30
F/M ratio, kg BOD5/kg MLVSS.d 0.05-0.15
Volumetric loading rate, kg BOD5/m3.d 0.16-0.4
Mixed liquor suspended solids (MLSS), mg/L 3000-6000
Mixed liquor volatile SS (MLVSS), mg/L 2400-4800
The amount of air required in the aeration chamber is based on the following two criteria: 
(i) oxygen required for aerobic degradation; and (ii) mixing requirement. The amount of
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air (oxygen) required for aerobic degradation can be computed by (Metcalf and Eddy Inc.,
1991):
Q a =
QP(S„-S) (\
273
y - 1.427obs
(2.14)
where,
QA = air flow rate required, L/d 
S0 = influent BOD5, mg/L 
S = effluent BOD5, mg/L 
f = BOD5 to BODl conversion factor (0.68)
Yobs= observed yield coefficient for microorganisms, mg/mg 
(usually 0.5 for domestic sewage).
In addition, a certain amount of air is required to achieve complete mixing within the 
aeration chamber. Metcalf and Eddy Inc. (1991) recommends 10-30 L of air per min per 
1000 L of aeration chamber. Thus, the actual capacity of the air blower should be based 
on maximum quantity of air required from the above two criteria. Typical specifications 
for the air blower are listed in Table 2.10. Excess activated sludge in the aeration chamber 
is returned to the primary chamber using an airlift pump, operated by the same blower, 
which is used for aeration. This wastage from the aeration chamber is either continuous or 
intermittent. If the sludge waste is intermittent it should be adjusted using time controllers, 
so that the appropriate concentration for mixed liquor volatile suspended solids 
(MLVSS), is maintained (as shown in Table 2.9).
Table 2.10 Typical specifications for domestic AWTS air blowers (Spooner, 1994)
Item A ir blower
Type
Voltage, volt 
Frequency, Hz 
Air flow rate, L/min 
Operation 
Housing
Electric motor and diaphragm blower
220-240
50
60-110
Time switch controlled
Motor, blower and controls are housed in a louvred metal or 
fibreglass control box mounted on the lid of the tank
Secondary settling chamber. After aerobic treatment, the wastewater enters the 
secondary settling chamber (SSC), where the activated sludge settles to the bottom and 
the effluent is allowed to flow over to the disinfection/irrigation chamber. The SSC is 
designed with an open hopper bottom to permit the sludge containing the bacteria to be 
recycled back into the aeration chamber. In some systems, a scum return system operating 
continuously or intermittently, returns floatable solids to either the primary or the first
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aeration chamber. The scum return system is also operated using the same air blower. The 
SSC performs the same function as that of the secondary settling tank used in activated 
sludge processes as such its design is based on the overflow rate. Design parameters for 
secondary chamber are given in Table 2.11. The operation of the SSC should be checked 
against the solids loading rate (Table 2.11). The volume (Vs) and the surface area (As) of 
the settling chamber can be computed by:
Vs = tsQP/24 (2.15)
As = QP/v0 (2.16)
where,
Vs = Volume of settling chamber, L
As = Surface area of settling chamber, m2
ts = detention time in the secondary settling chamber, h
v0 = overflow rate, m3/m2.d
Table 2.11 Typical design values for the secondary settling chamber 
(Metcalf and Eddy Inc., 1991)
Design parameters Values
(for average flow conditions)
Overflow rate, m3/m2.d 8-16
Solids loading rate, kg/m2.h 1-5
Detention time, h 3-10
Disinfection/irrigation chamber. The wastewater is disinfected using chlorine 
tablets prior to its use for irrigation. This should kill all pathogenic bacteria and minimise 
health hazards. The contact between the wastewater and chlorine tablets is provided 
within a PVC pipe. The chlorine-contacted wastewater flows into a disinfection/irrigation 
chamber and the wastewater is pumped out at regular intervals and may be automated 
using a level sensor. Generally, the purpose of the disinfection/irrigation chamber is 
twofold: (i) to provide sufficient contact time for the satisfactory disinfection of the 
wastewater; and (ii) to provide sufficient storage for the treated wastewater before being 
pumped out for irrigation. Both factors should be taken into account when designing 
disinfection/irrigation chambers. Metcalf and Eddy Inc. (1991) recommended a chlorine 
contact time between 15 and 45 min. On the other hand, an AWTS irrigation pump is 
operated about 3 times a day, thus requiring the storage of the treated wastewater for 
about 8 hr before each pump-out. Hence the detention time required for 
disinfection/irrigation chamber should be 8 hr, which is the greater of the above two 
requirements. Typical specifications for the irrigation pump are listed in Table 2.12.
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Table 2.12 Typical specifications for domestic AWTS irrigation pumps (Spooner, 1994)
Item Irrigation pump
Type
Voltage, volt
Frequency, Hz
Flow rate, L/min at 4 m head
Output, W
Operation
Maximum runtime, min/d
Fully submersible drainage pump
220-240
50
130-280
245
Automatic stop/start, float switch 
20
Final disposal area. The effluent from AWTS is most commonly disposed of through 
surface irrigation. The size of the irrigation area can be calculated by:
Aj = 100 + PQ/Ij (2.17)
where,
Ax = irrigation area required, m2 
Ij = irrigation rate, L/m2.d
The irrigation rate depends on the soil type, evaporation and rainfall rates. The 
relationship between soil permeability and irrigation rate is given in AS 1547 (1994). 
THS (1996) suggested a value of 4.5 L/m2.d for the irrigation rate. As a conservative 
measure, the irrigation area computed using Eqn. (2.17) includes 100 m2 as a reserved 
land area (THS, 1996). Effluent pumped out of the irrigation chamber is conveyed 
through polyethylene pipes and is applied on the irrigation area using spray heads. The 
specifications for irrigation lines and spray heads are given in Table 2.13.
Table 2.13 Irrigation system specifications (Khalifé, 1995)
Description Value
Irrigation pipe diameter, mm 
Irrigation pipe material 
Minimum irrigation line cover, mm 
No. of microjet spray heads 
Spray head discharge, L/min.
Spray distance at 0.5 bar (sprayed in 180° arc), mm 
Approx, trajectory above ground level, mm
Typical evaporation rate, mm/d (for a vegetation cover of 
40%, assuming 30% of deposited water is lost through 
transpiration)
25
Low density polythene 
100
25 to 35 
0.75 
600 
300 
6
A larm s. As AWTS includes a number of mechanical and electrical components, it is 
necessary to equip them with an alarm to warn the user of any failures. The alarm 
comprises both audible and visible components, with muting facilities for the audible
2.40
Chapter 2 -  Literature Review
component. For domestic systems, the alarm may be positioned inside the building, 
preferably in the kitchen or laundry.
Other design criteria. Other design criteria that should be taken into account during 
AWTS construction and installation are similar to those used in conventional septic tank 
systems (CSTS). Some of these criteria are listed in Table 2.14.
Table 2.14 Other design criteria for AWTS (AS 1546,1998; SAHC, 1995; Laak, 1980)
Description Criteria
Freeboard, mm 200-300
Operating depth, mm Min. 900
Pipe diameter and all passage spaces, mm Min. 100
Cylindrical tank-diameter, mm Min. 1120
Rectangular tank:
- Internal width, mm Min. 950
- Length/width ratio 1-1.5
Access opening, mm
- Rectangular (length x width) Min. 500 x 450
- Circular tank (diameter) Min. 500
Thickness of access cover (concrete), mm Min. 65
Sludge clear depth from w/w free surface, mm Min. 100
Effluent Standards. As part of the approval process, AWTS have to meet certain 
effluent standards. These, as given in Table 2.15, are set by the Department of Health in 
NSW or other relevant authority elsewhere. Once approval for manufacturing is granted 
the unit should always meet the effluent standards. The approval for installation of AWTS 
is regulated by Local Councils. The performance of installed AWTS created public health 
concerns after reports of degraded effluent quality from various AWTS designs. As such 
new regulations were introduced in NSW (March 1998) to supply councils with 
additional power to enforce operation approvals on all existing and future AWTS.
Table 2.15 Effluent standards (AS 1547, 1994)
Parameter Value
BOD5, mg/L <20
Suspended solids (NFR), mg/L <30
Free chlorine, mg/L 0.5-2.0
Faecal coliform, cfu/mL <30
Effluent meeting above standards (Table 2.15) could be used for irrigation purpose, 
however, the regulation prohibits the use of this wastewater for growing edible fruits or 
vegetables. There are indications that these effluent standards will become more stringent. 
For example, recently the Northern Territories Health Services (THS, 1996)
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recommended a faecal coliform level of less than 10 cfu/100mL for effluent which is to be 
reused for surface irrigation purposes. If an AWTS does not satisfy the above standards 
requirement, then one of the following sewage reuse or disposal systems may be adopted:
• deep sub-surface system (chlorination is not required),
• surface irrigation area with compulsory 1.5 m high perimeter (faecal coliform less than 
1000 cfu/100 mL (median)),
• surface irrigation area involving holding tank(s) and an automatic timer system 
(effluent quality: faecal coliform: 1000 cfu/100 mL with 4 out of 5 samples containing 
less than 4000 cfu/100 mL),
• dedicated landscapes areas not generally accessed by the public (effluent quality: faecal 
coliform: 1000 cfu/100 mL with 4 out of 5 samples containing less than 4000 cfu/100 
mL), and
• disposal to a non-potable water source (such as river, stream), subject to compliance 
with the Water Act 1992 and conditions set down by the Power and Water Authority.
In a recent survey, Marshall (1998) reported that in 1994, 25 AWTS were installed in 
remote indigenous housing at Coen (Queensland). These installations were reported to 
have experienced regular problems over several years. The problems were claimed to be 
attributed to frequent power interruptions, insufficient maintenance, poor system 
selection, insufficient qualified personnel, and effluent seeping onto yard surface. Due to 
the health concerns, the WA Health Department rejected all applications for AWTS trials 
on WA remote Aboriginal communities (Marshall, 1998).
2.3 .4  Composting toilets
Composting toilets have been used in Australia for many years, particularly in National 
Parks and the homes of environmentally active people (Marshall, 1998). Composting 
toilets are organic waste treatment systems that rely on natural biological decomposition of 
toilet wastes. Several manufacturers (Livus Multrum, Rota-Loo, Bio-Loo, Soltran toilet 
and others) claim that the composting toilet is an effective process in which human waste 
is composted into a safe and useful fertiliser. The system is preferably used when there is 
a site specific constraints such as the following:
• Lack of water.
• High seasonal groundwater.
• Bedrock.
• Non-absorbent soils.
• Land subject to flooding.
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Principle of opera tion . It is assumed that the heat from the decomposition process 
destroys excreted pathogens, decomposes organic wastes and drives off the water content 
of the wastes. This process continues as long as correct balance of oxygen and moisture 
is maintained. By using a composting toilet, arrangement needs to be made for the 
disposal of a small amount of liquid end product generated from the system as well as 
treatment of the grey water separately. The details of a typical composting toilet process is 
shown in Figure 2.13. Generally, composting toilets can be of a dry, wet or chemical 
type. Further details on their principles of operation are given in the following sections.
Exhaust/ventilation
pipe/chimney
(heat, CO2, watei 
vapour)
Fan —  
(Generic composter) 
Active Zone —►
(primarily aerobic bacteria at work)
Curing Zone —►
(primarily actinomycètes and fungi at worKj
Finishing Zone—►
(primarily fungi at work)
Leachate
Waterless, micro-flush or
urine-diverting toilet ^ ----------------
Oxygen Demand 
80%
15%
5 to 0%
- - p ---------------- ►
Leachate drainage to 
leach-field, disposal or 
utilization
Figure 2.13 Composting toilet components (Porto and Steinfeld, 1999)
In a recent survey, Marshall (1998) identified the following:
• A one-year trial of 30 composting toilets was conducted on five Torres Strait Islands in 
1996, looking at 3 commercially available units (Dowmas, Rota Loo and Nature Loo). 
These are claimed to have limited success with failure being attributed to electrical fans, 
maintenance and site conditions. Also, some of Dowmas composting chambers, which 
were buried into the ground, ‘popped out’ due to the high water table.
• The trial of composting toilets were also reported in the WA remote communities of 
Wilson’s Patch in the Goldfields region, and by Winun Ngari Resource Agency in the 
west Kimberley region.
• No composting toilets are known to have been trialed in SA communities.
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2.3 .4 .1  Dry composting toilet
In the dry type, the decomposition of organic material by micro-organisms takes place 
naturally without the aid of water as an agent. The decomposition process rely on aeration 
of the composting toilet through air channels, baffles and in many cases by the use of 
continuously operating fan.
Two types of dry composting toilets are available, known as continuous and batch type. 
In the continuous type, wastes are continuously added to the pile within the composting 
toilet and compost is removed from the bottom of the pile. In the batch type, different 
sectors of the composting toilet are used. When one sector is filled, it is isolated and 
another sector is used. The initial filled sector is left to decompose for a period of time and 
then can be used as compost.
2.3 .4 .2  Wet composting toilet
The wet composting toilet type works on the same principle as the dry one, but utilises 
grey water as bulking agents. The effluent is disposed of into an absorption trench, 
mound or evapotranspiration bed, etc.
2.3 .4 .3  Chemical toilets
Chemical toilets are usually portable and used on a temporary basis. They are used where 
site assessment criteria identifies sewage disposal into the immediate environment is 
unsuitable. The chemicals contained in the toilet (usually diluted glutaraldehyde) act to 
sterilise faecal deposits and also neutralises odours. Chemical toilets are generally 
approved for a short periods of time and would require frequent pump outs.
2.3 .4 .4  Pit toilets
Pit toilets and cesspits are the most basic form of sewage treatment and disposal. A pit 
toilet consists of a closet set above an earth pit. The pit acts as a composting toilet and 
slowly decomposes the human wastes by naturally drying of the waste pile. When the pit 
becomes full, lime is added to it and then covered with earth. Another pit is dug and the 
above ground closet is transported above the new pit. The most effective pit toilets are the 
ventilated ones which incorporate a fly wire covered vent pipe and darkened interior to 
minimise the presence of insects and odours. Pit toilets tend to be used in small 
Aboriginal communities as second toilets when flush toilets fail or the household 
population exceeds 12-15 people. It is also reported that Aboriginal people regard flush 
toilets as proper toilets and pit toilet as bush toilet (Marshall, 1998).
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The conditions of approval may vary according to the design, method of installation for 
each individual system and degree of compliance with Australian Standards. Some of the 
requirements for the above mentioned types of composting toilets can be found in THS 
(1996).
The proportion of remote Aboriginal population using pit toilets is estimated at 7% or 
5,697 people (Table 2.4).
2.3 .5  Common effluent drainage schemes (CEDS)
A common effluent drainage scheme is similar to a conventional full gravity reticulation 
system except that wastes are partly treated in a septic tank and then effluent is transferred 
through a network of gravity drainage pipes to a collection point. CEDS may be 
considered economic where septic tanks are already installed. The septic tanks effluents 
from all households are transported by gravity or pump to a disposal lagoon or treatment 
plant. Primary treatment of wastewater is achieved in the septic tank. This will reduce 
possible clogging of the gravity sewer. The designs of the lagoon used for disposal of 
effluent are based on extended oxidation or stabilisation system, these can be classified 
into three categories: (1) anaerobic, (2) facultative, and (3) aerobic lagoon (Metcalf and 
Eddy Inc., 1991).
The proportion of remote Aboriginal population using CEDS is estimated at 22% or 
16,482 people (Table 2.4).
2.3 .5 .1  Anaerobic lagoon
An anaerobic lagoon is an open air anaerobic digester that can be used for the treatment of 
high-strength organic wastewater that also contains a high concentration of solids. To 
maintain anaerobic conditions, the lagoon can be constructed with depth up to 9 m. The 
fundamental objective is to settle, float out, store and digest solids. Under optimum 
operating conditions, BOD5 removal efficiencies up to 85% are possible (Metcalf and 
Eddy Inc., 1991). During the cleaning operation of anaerobic lagoons significant odours 
must be expected, therefore, the location of anaerobic lagoon is subjected to public 
acceptance of occasional odours. The anaerobic lagoon is the simplest and least expensive 
to construct (less area requirement) and operate, compared to the facultative and aerobic 
lagoons.
2.3 .5 .2  Facultative lagoon
Facultative lagoon or ponds are usually 1.2 to 1.8 m deep. The top layer is aerobic 
through mechanical aeration or by diffusion of oxygen from the atmosphere above the
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water and through the action of algae. The bottom layer containing the settled matter 
would be anaerobic. The intermediate layer, termed facultative zone, ranges from aerobic 
near the top and anaerobic at the bottom. The algal cells at the water surface in presence of 
sunlight, takes carbon dioxide from atmosphere and release oxygen into water. The 
removal of carbon dioxide results in an increase of pH in the near-surface water (can 
exceed 10). This also enhances the conditions for ammonia removal via volatilisation. The 
photosynthetic activity of the algae occurs on a diurnal basis so that both oxygen and pH 
levels shift from a maximum during daylight hours to a minimum at night. The treatment 
efficiency is reduced in winter months. The lagoons are designed based on a long 
detention time with a typical of 20 to 180 days required. Typical removals of BOD5 are 
75% to 95%, but SS may vary from negligible to 90% (US EPA, 1992). Although this 
method of treatment requires large land area, it will offer a reliable, easy to operate 
process that makes it attractive for small and rural communities where sufficient land is 
often available.
2.3.5.3 Aerobic lagoon
Aerobic lagoons are extended aeration units mostly without continuous sludge wasting. 
These are either deep (1.8-6 m) and well lined ponds with a provision for aeration, or 
very shallow water ponds (0.6 m) to allow sufficient oxygen production by 
photosynthesis and by diffusion of oxygen from the atmosphere into the water body. 
Aerated lagoons are popular for influent with high BOD5 and designed with a detention 
time range from 3 to 20 days, with 10 days being typical when high intensity aeration is 
employed. Aerobic lagoons are claimed to achieve high performance with BOD5 removal 
ranging from 80% to 95%, effluent SS varying from 20 to 60 mg/L, and a phosphorus 
removal rate of about 10% to 20% (US EPA, 1992).
2.3.5.4 Oxidation ditch
The oxidation ditch was developed in the Netherlands with the first plant constructed in 
1953 for a community of 400 people. It is well suited for wastewater flows in excess of 
35 m3/d. The process can be an extended activated sludge treatment depending upon 
detention time. This system can be used for industrial wastes (eg., beet sugar, canning, 
etc.) and agriculture wastes. The treatment process is characterised by hydraulic detention 
times of 18 to 30 hours and solids detention time of 10 to 33 days. The process is highly 
stable and reliable, and is suitable for relatively small communities. The oxidation ditch 
consists of coarse screening, grit removal, one or more aerated channels, secondary 
clarification, and disinfection (Metcalf and Eddy Inc., 1991).
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2.3.5.S Constructed wetlands
Wastewater treatment using constructed wetlands has come into wider use since 1980s 
(US EPA, 1982). The presence of water near the ground surface saturates the soil and 
promotes the growth of vegetation. Constructed wetlands are specifically designed for 
wastewater treatment and thus its influent ranges from septic tanks to secondary effluents. 
Constructed wetland can also be used to treat septic tank septage.
There are two types of constructed wetlands. These are characterised by the flow path of 
the water through the system as follows:
1. Free-water surface (FWS) wetland. This includes appropriate emergent aquatic 
vegetation in a relatively shallow bed or channel. The surface of water is exposed to 
atmosphere as it flows through the wetland area.
2. Subsurface flow (SF) wetland. This includes a 30 cm or more of permeable media 
(rock, gravel or coarse sand) that support the root system of the newly formed 
vegetation. The water in the bed or channel flows below the surface of the media.
Both types of constructed wetlands typically include a barrier to prevent groundwater 
contamination beneath the bed or channel. The barrier material range from compacted clay 
to membrane liners.
2.3 .6  Comparison of on-site wastewater treatment systems
There are variety of options for the treatment, disposal and reuse of domestic wastewater 
for small and isolated communities. To select an appropriate alternative, the design 
parameters, user patterns, population load, water consumption, and quantity and quality 
of wastewater (influent and effluent) should be assessed. The current codes should be 
regarded as guidelines rather than a design tool as these are mostly introduced for urban 
conditions with litde/no consideration given to differences in user habits and customs in 
remote areas.
To develop an understanding on the performance of each alternative, literature on existing 
installation can be of great assistance. However, limited literature is available in remote 
areas of Australia and the selection of an alternative should identify the need for a change. 
Only by pursuing a monitoring program, targeting characterisation of site, user and 
wastewater, a performance assessment of existing sanitation can be delivered. This can be 
used for planning future strategies and in development of existing sanitation.
Although the use of sand filters to treat septic tank effluent is claimed to improve the 
wastewater quality, clogging of the filter may occur and thus requiring frequent 
maintenance. As such, sand filters are not a viable alternative.
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The use of composting toilets (eg., Clivus Multrum, Rota-Loo, Dowmus) and a recycle 
toilet waste system may not be justified as energy for fan operation and rigorous 
maintenance are required. Moreover, additional cost is incurred in treating grey water. 
The amount of water to be conserved by using composting toilet is not significant for the 
Aboriginal users as water used in air conditioners (cooling water) is far greater than water 
flushed in the toilets.
The aerated treatment systems have high capital cost, energy requirement, quarterly 
inspection and other operational problems. The performance evaluation of some of the 
AWTS did not suggest compliance with effluent standards set by the NSW Department of 
Health. Further details on design and operational problems can be found in Khalifé 
(1995).
The common effluent drainage scheme (CEDS) and in-house recycling systems have 
higher input of capital and maintenance costs due to reticulation, operation and 
management requirements. Furthermore, the potential for health risks are significant. 
These may be due to overflow of effluent from lagoons or people using lagoons for 
swimming and hunting (Marshall, 1998).
The advantages and disadvantages of most discussed alternatives are given in Table 2.16. 
This table is very general and should only be used as a guide.
As can be seen from Table 2.16, low technology, small scale on-site treatment/disposal 
systems remain the most favourable and low cost against larger scale or high technology 
systems. However, existing CSTS do not show desirable effluent quality which often 
results in clogging of the disposal area, surfacing of wastewater and high potential of 
groundwater contamination. Generally, hydraulic and organic overloading are causing 
such problems. Low density populated areas, such as the Pipalyatjara community, can 
easily improve existing sanitation conditions by applying some design modifications. 
Such modifications can be focused on ease of upgrading/retrofitting existing units.
General descriptions of some of the on-site wastewater management systems currently 
available in the market are given in Table A.3 (Appendix A). In assessing the various on­
site wastewater systems available for remote Aboriginal communities Lange, Dames and 
Campbell Pty Ltd (1994) based their recommendation on the community population. 
Furthermore, no consideration was given to wastewater characteristics. The average 
estimated costs for the supply and installation of the alternative systems per house 
throughout the Northern Territory is given in Table 2.17.
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Table 2.16 Advantages and disadvantages of on-site wastewater systems
System Advantages Disadvantages
Pump out septic 
tank (POST)
• No restriction in the use of the property area for 
effluent discharge.
• Low cost, low energy requirement.
• No operator required.
• No moving parts.
• Provide a temporary solution if sewer reticulation 
is going to be installed in the near future.
• Effluent removal by tanker service is frequent and costly.
• The tank is considered as a short term solution. Owner has to connect 
to sewer when it becomes available.
• Illegal effluent discharge may find its way into watercourses and is 
difficult to detect unless a complaint is reported.
• Effluent and septage disposal. Effluent here may have to be injected to 
sewer by tanker service or landfilled with collected septage.
• Overflowing of the system is the only sign for needed pump out.
Conventional 
septic tank system 
(septic tank with 
absorption 
trenches (AT) or 
évapotranspiration 
beds (ETB))
• Low cost, low energy requirement.
• No operator required.
• No moving parts.
• Low maintenance frequency ( 3-4 years).
• 2 to 3 times less sludge produced per capita as 
compared to activated sludge plants.
• Anaerobic effluent not fit for open discharge (health hazards and 
smell).
• Home owners cannot be depended on to maintain the tank.
• Large disposal area required.
• Poor effluent quality and clogging of disposal area.
• Limitations with some soils types and impervious subsurface.
• Possible groundwater contamination.
Aerated 
wastewater 
treatment systems 
(AWTS)
• Improved effluent quality.
• Commercially available in a range of sizes.
• Suitable for most soil conditions
• Longer biodegradation period provided for the 
organic matter that are slower to degrade.
• Water reuse by irrigation.
• Aeration compartment serves as an efficient buffer 
unit for equalising fluctuations in organic, 
hydraulic and oxygen uptake loads.
• Health hazards if effluent is of poor quality.
• High installation costs.
• Large irrigation area required.
• Need to monitor effluent quality.
• Energy requirement for operating irrigation pump and aerator.
• Additional tank or compartment is needed for aeration.
• High maintenance (quarterly service).
• Failure of mechanical components (blower) results in ceasing 
aeration/treatment process which in turn produce low effluent quality.
• Shock loading occurs if the system is not fitted with a buffer to cater 
for population mobility.
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Table 2.16 Advantages and disadvantages of on-site wastewater systems (continued)
System Advantages Disadvantages
Septic tank with 
sand filter • Can be used to treat effluent in any soil types or terrain.
• Filters require a much smaller land area than AT.
• Final effluent is of high quality and is suitable for 
reuse for irrigation.
• Proven to be reliable and efficient to handle surge 
loads and intermittent loading.
• Very little maintenance.
• Head required exceeds 1 m and pumping of effluent may be 
required.
• Suitable filter media may not be available locally.
• Odours from open, single-pass filters.
• More expensive than AT or ETB.
• Establishing an irrigation area for effluent disposal.
• Disinfection is necessary if effluent is considered for reuse for 
irrigation purposes.
• Pumping of effluent to final disposal area may be required if the 
system is not used in conjunction with AT.
• Filter sand must be uniform and well graded and not contain clay or 
other impervious materials.
Ruck system • The grey water system along with an improved 
black water disposal system are highly 
recommended when facing problems such as 
small lot sizes, high groundwater table and 
relatively impervious soils.
• The COD/BOD ratio of grey water is 
considerably less than the same ratio in sewage 
and in black water. This means that the grey 
water is more biodegradable.
• The toilet paper, rags and faeces, all soil­
clogging material have been omitted.
• The total wastewater can be reduced by almost 
90% for remote conditions.
• The probable potential health hazard from 
excreted pathogenic organisms is decreased.
• Grease concentration is increased.
• Nutrient balance C/N is significantly increased, which means 
increased soil clogging due to increased polysaccharide production.
• Clogging of filter.
• Cost of filter media.
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Table 2.16 Advantages and disadvantages of on-site wastewater systems (continued)
System Advantages Disadvantages
Composting toilet • Can handle shock loading.
• Can be installed in any site condition including 
areas where high water tables are observed.
• Conserves water as it does not require flushing.
• The solids carryover into AT is reduced, hence 
the treatment and disposal of grey water become 
easier.
• High capital costs to include a revised configuration of the houses to 
accommodate the composting toilet below the floor.
• Handling of waste is required.
• Moderate to high effort of regular maintenance is required (weekly 
attention to the waste pile). This will include (1) the use of bulking 
agents (sawdust etc. ) to ensure good texture of wastes, (2) keeping 
wastes pile moist by visual inspection to determine the need of 
moistening using a spray nozzle, (3) keeping wastes pile drained if 
liquid is accumulated in the liquid compartment (every month), (4) 
compost end product removal (every 3 to 4 months), and (5) keeping 
toilet seat closed to avoid extended air access causing slow 
decomposition and decrease of evaporation.
• Separate treatment and disposal of grey water is still required.
Common effluent 
drainage scheme 
(CEDS)
• Frequency of blockages on site is reduced.
• Organic and hydraulic peak loads are reduced in 
the septic tank.
• Reduced treatment requirement at the final 
destination plant.
• No energy requirement in collection system.
• Reduce infiltration on individual site.
• Skilled labour is not required to operate the plant.
• Cost involved in periodic pump outs of septic tanks to ensure 
adequate removal of solids and scum and to prevent blockages in the 
sewer.
• Septage treatment facility is required.
• Groundwater contamination due to infiltration problems at the lagoon 
site.
• Insects or mosquitos breeding (diseases causing factors) at the 
lagoon site.
• High risk of solids carryover in septic tank effluent and therefore 
blockages are expected and maintenance is needed.
• Lagoon overflow and maintenance problems are high.
Anaerobic lagoon • Open-air digester is more stable.
• Requires less land area.
• Stabilisation of biodegradable organic is 3-10 times slower than 
under aerobic conditions.
• Storm water input.
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Table 2.16 Advantages and disadvantages of on-site wastewater systems (continued)
System Advantages Disadvantages
Anaerobic lagoon 
(cont.)
• Ideal for wastes with high BOD5>
• A thick floating crust will absorb the odours 
produced by anaerobic decomposition.
• Odour problems.
• Problems with the acceptance by the community and authorities.
• Insect problem (flies, mosquitos, etc.)
Facultative lagoon • Long detention time, suitable for slowly 
biodegradable material and for highly 
hydraulic/pollutant loads.
• Simple maintenance.
• Well suited for seasonal operation.
• Lagoons without mechanical aeration use the most land area.
• Lagoon depth is shallow (0.6-1.5m) and sometimes needs 
adjustment of water level.
• In winter time, the lagoon operates as holding tank.
• Insect problem (flies, mosquitos, etc.)
Aerobic lagoon • Minimum operational skills required
• Low capital cost
• Sludge disposal required only at 10-20-year 
intervals.
• Popular for industrial wastes with high BOD5
• Large land area requirement
• Lagoons can negatively impact groundwater if an inadequate liner is 
installed or if an existing liner is damaged.
• Cost of energy.
• Foaming problems.
• Odour problem.
Oxidation ditch • Ease of operation.
• Simplicity.
• Low sludge production. 
'*• Low initial cost.
• High capital cost.
• The oxygen transfer is achieved by a mechanical surface aerator
• High maintenance requirements for aerators (good operator skills 
and routine monitoring).
• Filamentous growth and sludge bulking.
Constructed wet 
lands
• Low construction cost.
• Easily managed by small community.
• Excellent removal of biochemical oxygen 
demand BOD5 and suspended solids (SS).
• Attractive systems with secondary ecological 
benefits in terms of wildlife habitat enhancement.
• Large area of land required.
• Subsurface flow wetland (SF) remain unproven for other than BOD5 
and SS removal.
• Birds and wildlife can pollute the water body and increase BOD5 of 
effluent.
• Harvesting of plants.
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Table 2.17 Average estimated costs for the supply and installation of different waste 
disposal systems (Lange, Dames and Campbell Pty Ltd, 1994)
Alternative
Population of 
community 
surveyed, P
Average 
estimated cost, 
A$/house
Septic tank and absorption trench P< 50 10,000
Septic tank and sand Filter P< 50 15,000
Composting toilet and grey water disposal P< 50 16,000
CEDS with lagoon disposal 50<P<200 18,000
CEDS with aerobic treatment disposal P>200 22,000
Sewer scheme P>200 40,000
The installation costs were based on contract and construction rates for similar projects 
throughout the NT and the allowance is made for the establishment and transportation of 
materials and equipment to remote locations. However, no allowance is made for the 
excavation in rock and/or other difficult materials.
In the NT, the annual maintenance costs of centralised sewage treatment plant and CEDS, 
excluding in-house plumbing maintenance have been reported to be around $12,000- 
$16,000 and $15,000-$22,000, respectively. These costs depend on the community size 
and number of connections to the system. Further details on the maintenance 
responsibility and authority in each state and breakdown of the above costs are given in 
Marshall (1998).
Nevertheless, Table 2.17 clearly indicates that CSTS are the cheapest among all other 
sewage facilities. Consequently, the low cost of CSTS and availability of land in remote 
Aboriginal communities make CSTS as the preferred option. As such, a feasible approach 
to failed CSTS will be ideally focusing on improving, upgrading or changing the design 
of these systems to better their performance in remote Central Australia. However, the 
fined selection of a sanitation system in small communities is often politically driven.
2 .4  Soil Assessment, Sizing and Maintenance of Disposal Area
2.4.1 Soil assessment
On-site disposal of septic tank effluent within an allotment may be approved only if the 
site is large enough and able to absorb effluent without causing a health hazard or damage 
to the environment. Prior to approval of a land-application/absorption system (eg., AT or 
ETB) for septic tank effluent, the site must satisfy the minimum standards for ground 
absorption. SAHC (1995) and THS (1996) specify these standards as follows:
• The disposal site shall not be within (i) a water course, (ii) a flood plain as indicated by 
the contour of the terrain or type of vegetation, (iii) and must have consistent soil 
horizon to a depth of 1.2 metres.
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• The nearest point of discharge from the septic tank effluent disposal systems shall not 
be less than 100 metres from a bore or well.
• For effective operation, the long-term effluent acceptance rate should be between 10-25 
L/m2.d. For LTAR outside 10-25 L/m2.d range, THS (1996) and SAHC (1995) 
suggest further site investigation.
• Ground slope must not exceed 25% (THS, 1996) or 20% (SAHC, 1995)
• Impervious rock shall not be closer than 1.0 m (THS, 1996) or 1.2 m (SAHC, 1995) 
to the ground surface.
• Groundwater depths during all seasons shall not be less than 1.0 m (THS, 1996) or
1.2 m (SAHC, 1995) to the ground surface.
• The septic tank effluent disposal area shall satisfy the proximity to site features criteria 
given in Section 2.4.5.2.
• No structure shall be built over the proposed septic tank site.
The rate of percolation of effluent into the soil is influenced by the solids accumulation 
from the septic or other treatment device and the soil permeability. A common assessment 
of this capacity can be done either by measuring the percolation rate on site or 
determination of soil permeability and other soil characteristics. The effluent percolation 
rate shall preferably be determined by soil classification as assessed by a suitable 
geotechnical consultant. Currently, percolation tests are still permissible although seasonal 
conditions may often affect the reliability of the test (THS, 1996). To determine the 
required size of disposal area, the soil capability for absorption of effluent is often 
assessed by one or a combination of the following:
• Percolation rate (PR),
• Soil permeability (k),
• Soil characteristics,
• Unified Soil Classification, and
• Long-term acceptance rate (LTAR).
2.4.1.1 Percolation rate (PR)
The initial work of correlating effluent percolation and long-term infiltrative rates to sizing 
of the effluent disposal area was carried out in 1926 by Henry Ryon (Olivieri et al., 
1981). Ryon implied that the bottom surface of the disposal trench is the important 
infiltrative surface. However, various researchers (Healy and Laak, 1973; Kiker, 1956; 
Winneberger, 1984) have suggested that the design of the disposal area to be based on 
bottom, side and/or a combination as infiltrative surface in soakage trenches.
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Since Ryon’s work, the PR is regarded the most widely used indicator of soil 
permeability which measures the ability of soil to absorb water. The test is based on the 
assumption that the ability of soil to absorb sewage effluent over a prolonged time may be 
predicted from its initial ability to absorb clean water (Winneberger et al., 1963).
Polprasert et al. (1982), emphasised the significance of the test in assessing CSTS 
suitability and the size of the disposal area. Other researchers recognised that the 
percolation test has a high degree of variability in terms of measuring the saturated 
conductivity of the soil. In one series of tests, Polprasert et al. (1982) reported the 
variability to be as high as 90%, thus resulting in inappropriate sizing of effluent disposal 
areas. Geary (1994) criticised the use of percolation test and further suggested its 
replacement by soil surveys and direct measurement of permeability. Patterson (1994) 
reported that the current practice of undertaking three clean water tests per site over short 
periods of time does not reflect the long-term acceptance rate (LTAR) for septic tank 
effluent. Due to the variability found in assessing the soil percolation test, measurement of 
other soil parameters may have to be examined. Generally, the hydraulic conductivity or 
PR of saturated soil (using clean water or effluent) does not reveal how the soil will 
conduct wastewater under prolonged use, since the wastewater is more likely to be 
moving through unsaturated soil layers below. Consequently, PR should not be 
considered as the only criterion for sizing the soil absorption system (Canter and Knox, 
1988). For new installations, the demand for conducting a percolation test with 
wastewater rather than clean water does not seem feasible as wastewater can not be 
generated before occupancy.
Despite PR significance being criticised by some researchers (Canter and Knox, 1988; 
Geary, 1994; Patterson, 1994), the percolation test is still used by current Australian 
Standards (AS 1547, 1994 and AS 1547, 1998) (minimum of 3 tests) to assess the site 
suitability for CSTS. In addition, Victoria EPA (1990) (minimum of 5 tests) and SAHC 
(1995) have identified the soil percolation rate determination in their site assessment 
criteria and ascertain that long-term percolation capability of the soil must be determined. 
These Standards or codes suggest that an assessment be made by an indirect method that 
involves taking a series of borelogs and subjecting the soil to geotechnical assessment, or 
by direct percolation tests.
Generally, the percolation test is determined by the falling head or the constant head 
method in a test hole of specified depth. The falling head method involves measuring the 
rate of fall of water which has been added to the test hole by using a tape measure and 
stop watch. Whereas, the constant head method involves the installation of a well 
permeameter over the test hole to measure the rate of fall of water. Further details on these 
tests can be found in AS 1547 (1994).
2.55
Chapter 2 -  Literature Review
The percolation rate (PR) should be between 0.36 and 3.6 m/d if percolation is 
determined by constant head method. PR values greater than 3.6 m/d needs to be 
assessed against the potential for groundwater contamination. If percolation rates are less 
than 0.36 m/d, the installation of very large soakage system should be assessed against 
available land and installation cost (SAHC, 1995). However, Victoria EPA (1990) 
proposes soakage trenches only for soil with PR less than 1.2 m/d and for PR over 1.2 
m/d, septic tanks relying on soakage trenches are not recommended.
2 . 4 . 1 . 2  Soil permeability (k)
Soil permeability is a measure of the capability of the soil to transmit fluids. It is 
determined by the size, shape and continuity of the pores rather than the porosity of the 
soil. These characteristics are dependent primarily on the texture, structure, bulk density 
and clay mineralogy of the soil. For example, clay soil is more porous than sandy soil, 
but the sandy soil will transmit much more water under saturated conditions because it has 
larger, more continuous pores than the clay soil. To develop some understanding about 
soil absorption, some simplified definitions are presented in the following sections.
In situ methods to measure permeability such as the Geulph permeameter are actually a 
measurement of the saturated hydraulic conductivity of the soil (Geary, 1994). Although, 
some researchers (Winneberger, 1984 and Patterson, 1994) may have suggested that the 
hydraulic conductivity must be determined using water with a similar quality as that of 
effluent, the assessment of currently approved methods for determining this parameter is 
outside the scope of this work. The existing standards or codes assign typical 
permeability values for various soil texture classifications. Although this approach may 
not be precise, it may give an indicative value for soil permeability. Further details on the 
reliability of current methods of soil conductivity measurements can be found in Patterson 
(1994).
Generally, absorption trenches are limited to sites where the soil's permeability is between
0.05-0.6 m/d (AS 1547, 1994). The values of soil permeability for various types of soil 
are shown in Table 2.18. In this table the typical value is used in conjunction with a 
curve, as in Section 2.4.1.5. This is to determine the long-term acceptance rate and 
subsequently the required length of absorption trench (Lt). Table 2.18 can be used when 
the soil classification is not appropriate for the percolation test or it is not possible to 
undertake the percolation test.
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Table 2.18 Representative soil permeability for various soil textural classifications
(AS 1547, 1994)
Textural classification k, m/d
Range Typical
Sand 0.6-6 1.2
Sandy loam 0.3-1.8 0.6
Loam 0.2-0.5 0.3
Clay loam 0.06-0.36 0.18
Silty clay 0.007-0.12 0.06
Clay 0.0024-0.024 0.012
2.4.1.3 Soil characteristics
As stated earlier, soil permeability is determined by the size, shape and continuity of the 
pores rather than the porosity of the soil. These characteristics are dependent primarily on 
texture, structure, density and mineralogy. Brief definitions of the above are given below.
Soil texture. The soil texture refers to the relative proportions of the various sizes of 
solid particles smaller than 2 mm in diameter that make up the soil. The particles are 
classified into three categories: sand, silt and clay which are called soil separates. The size 
limits of each soil separate is given in Table 2.19. Generally, aeration and drainage of the 
soil are related to its texture as particle size has influence on the pore size and continuity. 
Clay soils are not classified as permeable because of small particles consistency which 
result in very fine, discontinuous pores. Sands on the other hand are much more 
permeable due to presence of larger pores.
Table 2.19 Size limits for soil texture separates (Eikum and Seabloom, 1981)
Soil separate Size range, mm
Sand
Very coarse 
Coarse
Medium
Fine
2.0- 0.05
2.0- 1.0 
1.0-0.5 
0.5-0.25 
0.25-0.10 
0.10-0.05
Very fine 
Silt 0.25-0.002
Clay < 0.002
Soil structure. The structure refers to the relative arrangement of solid particles to one 
another. It also affects the size and shape of soil pores. In granular soil, such as sand, 
pores are simply continuous between individual grains. Platy structures restrict vertical
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percolation, prismatic and columnar structures enhance vertical percolation, and blocky 
and granular structures enhance both horizontal and vertical percolation.
Soil density. Soil bulk density is the ratio of the mass of soil to its volume. Soil with 
the same texture, but with higher bulk densities is more dense with less pore volume and, 
therefore, less permeable.
Clay mineralogy. Some clay shrinks and swells with change in soil moisture. Even a 
small amount of swelling clays can affect soil permeability drastically due to large cracks 
that open and close with wetting cycles.
2 .4 .1 .4  Unified Soil Classification
The soil classification is an indirect method to determine the ability of soil to absorb 
effluent. Soil permeability can be qualitatively estimated from soil borelog results 
classified according to the "Unified Soil Classification (USC)" system given in Table 
2.20 (SAHC, 1995).
The soil layers underlaying a disposal system may not be uniform within the boundary or 
horizon of newly proposed effluent disposal areas. Therefore, the qualitative estimation of 
soil permeability should be carefully examined to ensure analysis is made on 
representative soil samples. The layers depths, obtained from boreholes data (if 
available), can be used to position the disposal areas within the same soil layer.
Table 2.20 Qualitative estimation of soil permeability
Soil Type Group
Symbol
Permeability
Class
Fine Grained Soils:
Clay or Silt, sandy or gravelly 
Clay or Silt
< 50% retained on 0.075 mm sieve 
Coarse Grained Soils:
Fine or medium sands, silty or clayey sands 
Silty or clayey sands 
Clean coarse sands 
Clean gravel
Pt, OH, CH 
MH, OL, CL 
Cl, ML
SC, SM, SP 
SW, GC, GM 
SP, GP 
GW
Practically impermeable 
Practically impermeable 
Practically impermeable
Poor soakage 
Poor soakage 
Good soakage 
Good soakage
N ote: Pt-Peat and other highly organic soils; OH- Organic clays of medium to high plasticity (impervious); 
CH- Inorganic clays of high plasticity, fat clays (impervious); MH- Inorganic silts, micaceous or diatomaceous 
fine sandy or silty soils. Elastic silts (semi-impervious to impervious); OL- Organic silts and organic silt-clays 
o f low  plasticity (semi-impervious to impervious); Cl- Inorganic clays of low to medium plasticity, gravelly 
clays, sandy clays, lean clays (impervious); ML- Inorganic silts and very fine sands, rock flour, silty or clayey 
fine sands with slight plasticity (impervious); SC- Clayey sands, poorly graded sand-clay mixtures 
(impervious); SM - Silty sands, poorly graded sand-silts mixtures (semi-impervious to impervious); SP- Poorly 
graded sands, gravelly sands, little or no fines (pervious); SW- Well-graded sands, gravelly sands, little or no 
fines (pervious); GC- Clayey gravels, poorly graded gravel-sand-clay mixtures (impervious); GM- Silty gravels, 
poorly graded gravel-sand-silt mixtures (semi-impervious to impervious); GP- Poorly graded gravels, gravel- 
sand mixtures, little or no fines (very pervious); GW- Well-graded gravels, gravel-sand mixtures, little or no 
fines (pervious).
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2 .4 .1 .5  Long-term  acceptance rate  (LTAR)
Current practice relies on a LTAR estimate as an attempt to determine the effluent 
infiltration rate following the development of the clogging layer or biocrust in the soakage 
trenches of CSTS. Although, a clogging layer may take from one to six months to 
develop after beginning of operation (Laak, 1986), the long-term acceptance rate (LTAR) 
or effluent percolation rate (EPR) as expressed in SAHC (1995) is still correlated to the 
soil permeability.
The correlation of the non-dispersive soil and the long-term acceptance rate (LTAR) for 
absorption is shown in Figure 2.14. In this figure, the soil permeability value, as 
determined above, is used to find the corresponding LTAR. According to AS 1547 
(1994), LTAR is well defined for soils ranging from sandy loam to silty clay with 
permeability 0.05-0.6 m/d. This will correspond to an acceptable value of LTAR between
10 and 25 L/m2.d for soil absorption systems. Should the soil permeability drop below 
0.05 m/d, the system needs a larger disposal area and/or the soil in the disposal area needs 
to be modified. For a clay soil with tendency to be dispersive, the permeability can not be
used for determining LTAR. Flowever, for such soils, LTAR should not exceed 2 L/m2.d 
(AS 1547, 1994).
Soil perm eability (k), m/d
Legend
U se o f  values for perm eability (k) is subject to further investigation.
R isk o f  groundwater contamination is dependent on so il type and is subject to further 
investigation and authorisation o f the regulatory authority.
Figure 2.14 Soil permeability versus LTAR (AS 1547, 1994)
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The size of the absorption area can be determined by consideration of sidewall and/or
bottom surface area of the soakage trench. As solids precipitation occurs at the bottom 
surface of the disposal field, it may become clogged and therefore sidewall absorption 
may be preferred (Winneberger, 1984). As a conservative measure, Healy and Laak 
(1973), AS 1547 (1994) and SAHC (1995) support the use of LTAR based on both 
sidewall and bottom of the soakage trench.
As the soil permeability is determined by clean water tests, it is likely that the design 
LTAR will underestimate the long-term operation of either the surface irrigation area or 
the sub-surface absorption trench.
2 .4 .2  Sizing of disposal area
Total wet area. After determining the soil type and/or carrying out percolation tests, the 
long-term acceptance rate (LTAR) can be found using Figure 2.14. The disposal area 
required for absorption is then determined using equation 2.18 (THS, 1996).
where,
Aw = effluent disposal area, m2
Q = daily flow, L/d
LTAR = long-term acceptance rate, L/m2.d
Trench length. The absorption trench length required can be calculated by:
Av =
Q (2.18)
LT A R
(2.19)
We = Wt + 2 D a 
We = Wt + Daa
for LTAR > 10  L/m2.d (THS, 1996) 
for LTAR < 10  L/m2.d (THS, 1996)
(2.20)
(2 .21)
where,
Ltrench = length of trench required, m 
Aw = effluent disposal area, m2 (wet area) 
We = effective absorption width, m
Wt = trench width, m
Da = depth of aggregate filled on sides, m
'trench
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For various LTAR, the effective absorption width We can be calculated after 
consideration of minimum values of trench width and depth of aggregate given in Table 
2.21.
Table 2.21 Minimum trench width and depth of aggregate for different LTAR
Trench type Minimum, mm
w , Da
LTAR> 10 L/m2.d
Standard plastic arch tunnel 500 300
Large or jumbo plastic arch tunnel 600 400
LTAR< 10L/m2.d
Large or jumbo plastic arch tunnel 900 400
It should be noted that twice the depth of aggregate (equation 2.20) can only be used 
where the trench is filled with aggregate and covers the top of the trench tunnel. If the top 
of the tunnel is not covered, then only half of the depth will be allowed (equation 2.21). 
Further details can be found in THS (1996).
2 .4 .3  Disposal problems
A continuous or frequent application of biologically treatable wastewater on the soil 
surface in soakage trenches results in the growth of bacterial and/or zoogleal layer 
(biocrust). This growth is expected on the bottom and sides of the soakage trenches with 
a major portion located near the surface is 20-50 mm thick (Laak, 1980). The biocmst 
develops from filtered-out wastewater solids, mineral precipitates and the growth of 
microorganisms. Initially the biocrust develops after 3-6 months of applying wastewater 
under a constant head. The developed layer acts as a filtration medium which is constantly 
in a state of flux that is building and degrading. This process reduces the pollutant 
concentrations of percolated effluent and the travel time for effluent to reach the 
groundwater. For these reasons, the growth of the biocrust layer should be considered 
beneficial and its destruction counterproductive. It is assumed that the average effluent 
acceptance rate stabilises and reaches its long-term acceptance rate (LTAR).
Long-term drying of the biocrust starves and desiccates the microorganisms. Whereas, 
biocides and similar additives (eg., acids and hydrogen peroxide) in sufficient quantity 
will destroy the biocrust temporarily. Significant thinning of the biocrust reduces its 
valuable treatment capacity. Also, the potential of groundwater pollution increases if the 
design or maintenance of soakage trenches is based on minimising the biocmst.
When less wastewater is available in soakage trenches, the biocmst begin to die and 
shrink in size, allowing the particles to penetrate deeper into the soil. Moreover, the actual 
wastewater loading rate should not exceed the declogging rate (self-cleansing rate) or
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LTAR. O’Neill et al. (1993) observed a high CSTS failure rate of up to 72% under high 
wastewater loading rate (greater than 50 L/m2.d). The failure rates associated with the 
variation in wastewater loading rates are given in Table 2.22.
Table 2.22 CSTS failure rate with increased hydraulic loading (O’Neill et al., 1993)
Loading rate L/m2.d CSTS failure
%
<20 16
20-50 44
>50 72
To evaluate the clogging potential of soakage trenches, various factors affecting the 
biocrust formation should be identified (Laak, 1980). These include wastewater quality, 
method of wastewater application, aerobic versus anaerobic conditions, hydraulic 
gradient, temperature, age of biocrust, angle of the infiltrative surface, soil type and 
additives.
A thick biocrust will develop rapidly if the effluent contains high concentrations of solids 
and nutrients. Therefore, the degree of the pretreatment provided to wastewater affects the 
biocrust thickness and permeability. A malfunctioning septic tank that passes excess 
solids and nutrients can cause soil absorption system to fail by increased biocrust 
thickness. Reduction of biochemical oxygen demand (BOD5) and suspended solids is 
beneficial for increasing the clogging mat permeability (Patterson, 1994). Therefore, an 
improved effluent quality reduces soil clogging and potential public hazards (Laak, 1986).
The frequency of wastewater application from a continuous load to two-days dosing 
intervals does not affect LTAR capacity. However, the long-term resting over several 
months results in biocrust shrinkage by drying and oxidation of anaerobic products. This 
may result in a partial recovery of the infiltrative capacity of the biocmst which is essential 
for long-term operation of the disposal area. To accelerate the recovery process, 
intermittently dosed effluent into soakage trenches may be applied. This suggests the 
mandatory installation of a second soakage trench (if only one trench is originally 
installed). Although direct impact on householders, through additional land use and cost, 
is significant, CSTS life span can be expanded.
Anaerobic conditions result in less biomass or biocrust in soakage trenches. However, 
these conditions are affected by the pollutant loads. Under anaerobic conditions, a black 
slime layer develops on the infiltrative surface. Whereas, under aerobic conditions, the 
infiltrative surface looks cleaner. Generally, optimum thickness of the black slime layer 
does not retard infiltration rates to any significant degree and it is not a significant cause 
for clogging.
2.62
Chapter 2 -  Literature Review
The biocrust will permit increased infiltration when the hydraulic gradient is increased. 
This can be achieved by lowering the groundwater table and raising the effluent water 
above the biocrust. Another method would be to build the infiltrative system on fill or to 
use a mound system. Temperature also affects the biocrust formation where temperatures 
below 25-35°C will stimulate greater rates of biological reaction and result in a thicker 
biocrust.
Under continuous wastewater loading, the biocrust becomes increasingly less permeable 
with age. However, the permeability problem is eased by natural drying periods often 
occurring from time to time as a result of population activities and mainly mobility 
(holiday, hunting, ceremonies, etc.). In such circumstances, a declogging process takes 
place and the crust infiltration capacity increases by several fold (Laak, 1980). Additives 
are also applied to reduce the thickness of biocrust or improving the biological process 
(eg., solvents or hydrogen peroxide). However, large amounts of additives will cause 
thinning of biocrust which reduces its valuable treatment capacity and increases the 
infiltration rate with the potential for groundwater contamination.
2.4 .4  Maintenance of disposal area
CSTS approvals are normally subjected to a maintenance program to assess the need for 
pumping out the septic tanks as a means of preventing solids carryover into the disposal 
area. The maintenance involves an annual inspection to determine the depth of scum 
(floating matters) and sludge (deposited matters) layers. The distance between the bottom 
of the scum layer and the bottom of the outlet pipe should not exceed 100 mm. Whereas 
the distance between the top of the sludge layer and the bottom of the outlet pipe should 
be no less than 200 mm (Victoria EPA, 1990). If these requirements are not met the septic 
tank should be pumped out.
The long-life operation of CSTS relies significantly on the degree of maintenance 
provided. Newer on-site wastewater disposal systems, known as aerated wastewater 
treatment systems (AWTS) are well regulated by some councils and health departments in 
Australia where a quarterly inspection report is required. Unfortunately, attention to the 
older systems is neglected as the same authorities do not seem to be concerned about 
existing problems unless a neighbour complains of the smell or surfacing of wastewater. 
In NSW, yearly inspections often do not take place and these systems are still being 
approved with no evidence of quality control on their performance (Spooner, 1997).
The most commonly used method to restore failing CSTS is to have two soakage trenches 
and alternating the effluent loading. A study of CSTS in Western Australia, by Caldwell 
Connell Engineers (1986), strongly recommended the alternating system for both new
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and existing CSTS. An effluent alternating period of 6-12 months between two soakage 
trenches has been recommended and claimed to increase the life expectancy of CSTS.
Another option for restoring failed CSTS is by using additives such as hydrogen peroxide 
dosing or replacing the clogged infiltrative surface soil. These will provide only short 
term improvements (Caldwell Connell Engineers, 1986).
2.4.5 Prevention of groundwater contamination and setback
distances
2.4.5.1 Groundwater contamination
The assessment of septic tank effluent impact on groundwater should be based on soil 
percolation tests and assessment of the proximity of other septic tanks or the location of 
groundwater receptors with respect to the direction and velocity of groundwater flow. US 
EPA designated areas with a density greater than 15 septic tanks per km2 as regions of 
potential contamination problems (Rawlinson, 1994). The high capacity of soil 
absorption does not ensure pollutants removal as soil with high permeability can be 
rapidly overloaded with organic and inorganic compounds found in effluent. This may 
lead to the rapid spread of pollution through the groundwater, which can result in a 
potential contamination of water supply.
Although, significant removal of pollutants is assumed to be achieved by soil purification, 
removal limitations of some specific pollutants such as viruses and nitrates are of 
particular concern. To achieve significant pollutants removal including viruses and 
nitrates, Bemhart (1973) suggested the need for a deeper and finer soil. The author also 
explained the ease with which viruses (0.02 micron) travel in soil with larger pores as 
opposed to travel in clay silt pores (8 microns).
Generally, significant levels of nitrate have been observed in Australian groundwaters. 
Elevated nitrate levels (NO'3 - N > 10 mg/L or NO'3 > 50 mg/L) can cause health risks 
(NHMRC, 1996) when this water is used as a water supply source. The toxicity of nitrate 
in humans is associated with the ingestion of water containing high nitrate concentrations. 
Acute toxicity may result after nitrate is reduced to nitrite in the stomach. Nitrite reacts 
with the oxygen-carrying protein, haemoglobin, reducing it to methaemoglobin, which is 
unable to transport oxygen to the tissues. Methaemoglobin levels above 10% may result 
in clinical anoxia, and levels above 60% can cause stupor, coma, and death if the 
condition is not quickly treated (Nature's Standard, 1996).
Generally, CSTS failure occurs from soil clogging and may result in surfacing of 
wastewater. If this occurs, the surfaced water is then carried out by the rainwater and may 
enter into an inadequately sealed well. The groundwater contamination through this
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transport mechanism is shown in Figure 2.15. Another type of failure, shown in Figure 
2.16, is when pollutants move too rapidly through soils. This type of failure has been 
largely ignored until recent years (Canter and Knox, 1985). The type of subsurface layer 
and its thickness are major variables in this failure. However, the investigation on CSTS 
pollutants transport to groundwater supply is outside the scope of this study.
2 .4 .5 .2  Setback distance
Extreme caution should be taken when positioning a septic tank system and a reasonable 
setback distance from a water source should be maintained. The distance should not be 
less than 18 m from a well or spring (Winneberger, 1984). Generally, the minimum 
protective distance between the water supply well and wastewater infiltration source is 
identified by vertical and horizontal components. The vertical component is the depth of 
the well “d” from the surface and the horizontal distance “h” is the protective distance 
from the water supply well to the point of wastewater infiltration. Bemhart (1973) 
calculated the horizontal distance as a function of water depth and effluent infiltration rate 
or LTAR using equation 2.22. This equation has been applied to a water well supplying 
one, two or three houses.
_ 1350 [S[ (2.22)
d y d  
where,
h= Horizontal protective distance measured from the water supply well to nearest 
point of wastewater infiltration, m 
d= Depth of water supply well, m 
Sj= Effluent infiltration rate or LTAR, mm/d or L/m2.d
Figure 2.15 Effect of clogged soakage trench on nearby well 
(reproduced from Canter and Knox (1985))
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Figure 2.16 Effect of pumping well on contaminated water movement 
(reproduced from Canter and Knox (1985))
The minimum distance required in metres (m) from the closest point of effluent discharge 
to the site feature is outlined in Table 2.23 (THS, 1996).
Table 2.23 Proximity of septic tank/disposal area to other site facilities (THS, 1996)
Site feature Min distance from closest point of 
effluent discharge to site feature, m
Upslope from 
site feature
Downslope from  site 
feature
Building 6 3
Allotment boundary 5 3
Swimming pool 6 3
Underground water tank 15 15
Bore or well 100 100
Cutting 15 No restriction
Watercourse 50 30
Lake, swamp, etc. 50 30
Watercourse from water supplies extracted 200 100
Water supply reservoir 200 100
Subsurface disposal bed or trench 3 3
Septic tank 3 3
SAHC (1995) specifies similar setback distances of the effluent disposal system to those 
in Table 2.23. The only difference is in positioning the effluent disposal system at least (i) 
50 m from any well, bore or dam and water source; and (ii) 100 m from the pool level for 
the River Murray and Lakes above the 1956 flood level, and 100 m from mean high water 
mark along coastal foreshore areas.
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Exceptions to Table 2.23, are setback distances for an aerated wastewater treatment 
system (AWTS) where the effluent irrigation area is required to be at least 30 and 50 m 
away from the bore, well or water course used for human or animal consumption for 
chlorinated and non chlorinated effluent respectively. Also 2.5 m from any boundaries or 
building (THS, 1996).
2 .5  Modeling Studies in Aerobic Filtration
Aerobic filter. Wastewater treatment using biofilm grown on a support media was the 
first continuous flow bioreactor employed by sanitary engineers nearly a century ago. 
This process became known as a trickling filter. The wastewater dosed intermittently over 
support media trickled down through the media where organic matter can be removed or 
filtered by microorganisms composing the biofilm (Logan et al., 1987).
Although rock is known to be used as a filtration media, rock filter heights are limited to 1 
to 2 m. Plastic media have a high specific surface area, high void ratio and light weight 
which reduce the filter’s construction cost (Samer, 1980). As such taller filters can be 
constructed. Plastic media is reported to be used in 1-12 m long towers. These towers are 
claimed to produce efficient soluble BOD removal and are less subject to ponding than 
rock media trickling filters (Logan et al., 1987).
In large scale wastewater treatment plants, an increased interest is shown in the plastic 
media trickling filter against the activated sludge process. This is due to ease of operation, 
less need for power, and common bulking problems with activated sludge process are 
avoided. To develop a better understanding of the trickling filter ecology, a summarised 
. literature is given in Table A.4 (Appendix A).
Generally, filters can be classified into two groups: low-rate and high-rate. In the low-rate 
filter, the biological process is characterised by sludge-mineralisation (low sludge 
production). Whereas, high-rate filter is characterised by high sludge production (Samer, 
1980). Generally, the wastewater purification process is achieved in trickling filters by the 
following mechanisms (Samer, 1980):
• biosorption,
• coagulation of suspended solids and colloidal matter, and
• diffusion of organic soluble matter into the biofilm.
In low-rate filters, dosing intervals should not be longer than 1 or 2 h, otherwise the 
efficiency of the process deteriorates because of alteration of the biological slime 
characteristics caused by lack of moisture. The high-rate filters are designed for loadings 
substantially higher than low-rate filters and flow is assumed to be continuous (Metcalf
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and Eddy Inc., 1991). The factors limiting the reaction in the trickling filter are as follows 
(Matson and Characklis, 1976):
• oxygen transfer in the upper parts of the filter,
• transfer of the substrate in the lower parts of the filter,
• transfer of the electron-donor (organic matter) or the electron-acceptor (oxygen),
• biochemical reaction can also limits the removal rate, and
• presence of micro-organisms (for high rate trickling filter).
Mathematical models. For many years design engineers have had limited access in 
applying fairly simple design equations to model plastic media trickling filters 
performance (Logan et al., 1987). Due to the above reaction rate limiting factors, it is 
obvious that the trickling filter process is extremely complicated. Therefore, the first 
developed models were purely empirical. These suffered from a poor understanding of 
the true mechanism of treatment which is caused by the difficulties in explaining the 
following two aspects mathematically:
• the hydraulic flow pattern in the filter, and
• the substrate complexity and variability in domestic wastewater.
A review of existing trickling filter models, theories, and discussions are given in Table 
A.5 (Appendix A). Out of these models, four were selected to predict the performance of 
two different plastic media. These models are those of Phelps (1944), Howland (1958), 
Sinkoff (1959) and Schultz (1960). Further details on the selected models can be found in 
Table A.5 and Chapter 5. Overall, the review indicates that the performance of trickling 
filters is affected by the following factors:
• hydraulic loading,
• organic loading,
• influent characteristics,
• wastewater distribution,
• dosing frequency,
• composition of micro and macro-organisms fauna,
• oxygen supply,
• volume and geometric shape of the medium, and
• depth of the filter
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Although the literature may have explained the influence of these factors on the 
performance of the filter, some contradictory statements were noticed. These were due to 
the variety of assumptions made by model developers and complexity of the trickling filter 
process. To simplify studies, models (Table A.5) tend to isolate and single out the 
influence of some of the above factors, thus resulting in a poor simulation.
Filter and models performance. Some of the observations, that can be concluded 
from Tables A.4 - A.5, are:
• The total available surface area for biological growth can be used in measuring the total 
biofilm formation and predictions of treatment level. The geometric shape influences 
the hydrodynamics of the filter and is an important factor in the diffusional resistance 
in the liquid film as this will influence the retention time in the filter (Harremoes, 
1976).
• The trickling filter may accommodate a maximum organic load per unit filter media 
volume. The filter may become completely saturated with organic. Above that 
maximum, no further removal is possible (Stack, 1957). The existence of such a 
saturation load is demonstrated by several investigators (Bruce and Merkens, 1970; 
Cook and Fleming, 1974; Pearson, 1965). Maximum removal rate in the order of 2-3, 
9-10 and up to 20 kg BOD/m3.d have been reported (Audoin et al., 1971). The 
variation of removal rate is due to i) material used, ii) wastewater characteristics, and 
iii) different analytical methods. Several investigators showed that removal rate per unit 
volume of the filter is a linear function of load per unit volume and thus performance of 
filter is a function of the total organic load to filter rather than its concentration or flow 
rate (Cook and Kincannon, 1971). The contrary has been observed elsewhere 
(Balakrishnan et al., 1969 and Burgess et al., 1961).
• The hydraulic load influences the wetted area, retention time, diffusion in the liquid 
film and reaction rate in the filter. Incomplete wetting of the medium at low and high 
loads have been observed (Rincke and Wolters, 1971). Some investigators found no 
difference in filter efficiency under different distribution techniques (Bruce and 
Merkens, 1970).
• Most of the mathematical models consider retention time as an important factor in 
trickling filter. The retention time is considered proportional to depth (Phelps, 1944) 
and is a measure of time of contact between organisms and substrate. Generally, 
retention time is expressed as follows:
t = c.H/Q” (2-23)
where,
t= retention time, d
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c= constant
H= depth of the filter, m
Q= wastewater application rate, m3/m2.d
n= empirical flow coefficient typically set to 0.5, dimensionless
• Since removal of organic pollutants from the liquid takes place through adsorption and 
absorption, the time of contact between organisms and substrate is considerably longer 
than the retention time. Therefore, models where retention time is included predict a 
higher effluent concentration when flow increases. Almost all models describing the 
purification process in trickling filters show that the efficiency of the filter increases 
with the depth of filter bed.
• Recirculation controls the reaction rate (Swilley and Atkinson, 1963). In several 
investigations, recirculation did not improve the efficiency of the filter (Audoin et al., 
1971; Quirk, 1972). While in other investigations, improvement is claimed under 
certain circumstances (Bryan, 1955; Galler and Gotaas, 1964).
• Temperature influence all metabolic reactions. The rate of metabolic reactions will not 
influence the overall efficiency if diffusion of substrate or oxygen limits the removal 
rate. The temperature effect is calculated using:
where,
k = reaction rate constant at T °C
T
k = reaction rate constant at 20 °C
20
(T  - 20)
0 (2.24)
0= constant, typically set to 1.035
• High-rate plastic-packed trickling filters have been characterised for higher removal of 
colloidal and suspended matter and a lower removal of dissolved organic matters 
(Eckenfelder and O’Conner, 1961; Velz, 1944).
To evaluate the performance of models for a particular medium and/or comparing between 
models, various error measures can be determined. Models with lower errors are assumed 
to give the best fit. Some of the errors to be considered are:
• RMSE,
• Average absolute percentage error (AAPE), and
• Average absolute error.
The RMSE is a popular error measurement and is computed by:
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RMSE =
.. \2
1
'L ( y , - y , )
i = i
m
(2.25)
where y i is the actual or experimental value, y  { is the predicted value and m is the number 
of recorded values. RMSE is an absolute number and as such yields only positive values. 
Also, RMSE has dimensions and units.
A second error measure is the AAPE. This is also useful for comparing the performance 
of the models and is computed by:
1 m
AAPE =  —  Y yi-y<
x-
100 (2.26)
AAPE is useful for comparing errors between two or more different data sets with 
varying units, as it is dimensionless.
A third error, AAE error measure, can be computed by:
AAE = (2.27)
The AAE has dimensions and units. As such, it is similar to RMSE in that its suffers from 
the same disadvantages when there are two or more output variables with different ranges 
of values. In this study, the performance of selected models is compared using AAPE. 
These were calculated using the Microsoft Excel software package.
2.6  Summary
Literature pertaining to wastewater characterisation, treatment of domestic effluent by 
land-applications, OWMS technologies, and aerobic filters have been reviewed in this 
chapter. Special considerations are given to the applicability of the above to the Aboriginal 
users in remote Central Australia.
The knowledge of wastewater hydraulic and organic loading rates are generally known to 
be of major importance in assessing the performance of existing sanitation or in the 
planning for future technologies. Overall, the literature explained the relevance of 
wastewater characterisation studies in general and in remote Aboriginal communities in 
particular. A review of various studies on CSTS, although none is undertaken in the area 
of study, is given to identify the major problems associated with these systems.
The existing roles of the government agencies, standard and codes in the approval, 
construction and installation of OWMS were identified. Although, the role of each agency
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is constantly changing, most agencies impose stringent effluent quality requirement on 
wastewater recycling systems.
General guidelines on the conditions of soil and site requirements for installation of 
OWMS are given. While these may seem to be conservative measures in current practices, 
existing CSTS will continue to fail.
Effluent disposed of on-site needs to be assessed for its influence on the disposal area and 
its potential for contaminating groundwater. While this is not yet studied, the reuse of 
effluent in other forms of land-application suggested further investigation. There was no 
literature, however, detailing the statistical significance of OWMS failure or studies 
dealing in detail with the characteristics of the wastewater produced from Aboriginal 
communities or on the performance of existing sanitation systems. Thus the literature 
review clearly indicates the need for:
• Characterising the wastewater generated from Aboriginal communities.
• Performance evaluation of existing OWMS.
• Validation of design criteria used for designing septic tanks.
• Development of existing OWMS.
Alternative OWMS technologies are reviewed and for some systems, details on design 
and improvement strategies were explored (eg., AT, AWTS). Unfortunately, there is a 
dearth of studies related to Aboriginal wastewater treatment and disposal. Most of the 
studies in the area are based on surveys and none involved monitoring of actual 
wastewater quality from any Aboriginal dwellings or treatment system.
A large number of OWMS are currently in the market with manufacturers claiming a clear 
effluent with low pollutant level. Unfortunately, once these products are sold, 
manufacturers tend to express little interest in maintaining high effluent quality. One of the 
examples of such products are the aerated wastewater treatment systems (AWTS) as most 
of these fail to meet the required effluent standards. Consequently, wastewater reuse 
options should only be considered if water is scarce and effluent could be frequently 
monitored to ensure compliance with effluent quality guidelines.
The past studies related to the modeling of aerobic filters are reviewed as a means of 
improving septic tank effluent quality. These are considered to examine the possibility of 
upgrading existing CSTS with aerobic filters. In this work, the applicability of four 
models to septic tanks is investigated. While detailed investigation of each OWMS is 
outside the scope of this work, the literature showed that small-scale on-site wastewater 
treatment/disposal systems remain the most favourable, sustainable, and low cost against 
large scale or high technology systems.
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RESEARCH METHODOLOGY
3 .1  Introduction
This chapter details the research methodology undertaken in various activities within the 
3 phases of research described in Section 1.7. Generally, each phase of the project is 
discussed individually taking into consideration the similarity in some activities within the 
phases. The similarity is generally related to issues such as equipment used, 
establishment of on-site laboratory and testing procedures.
3 .2  Phase 1: Evaluation of Existing CSTS (Jul. 1995 - Jan. 1997)
The methodology consisted of gathering raw data that has a direct effect on the 
performance of CSTS. These are population load, soil conditions, water and wastewater 
characteristics. A monitoring program was developed to collect field data from three 
existing CSTS in the Pipalyatjara community.
3.2.1 Site selection
The study area was first inspected between the 19th and 23rd July 1995. The inspection 
was needed for the selection of monitoring sites and identifying the work and/or 
preparations required. On the basis of the required amount of data and after consultation 
with Nganampa Health Council, three CSTS sites were selected from the Pipalyatjara 
community in Central Australia for monitoring of water and wastewater quality and 
quantity. These are identified as Sites 1, 2, and 3. Also, three additional CSTS sites were 
kept in reserve for monitoring if any of the first three households became vacant. The 
relative location of all three selected sites within the community is shown in Plate 3.1. 
The individual sites are shown in Plates 3.2 to 3.4. The sites were particularly chosen as 
these generally appeared to have continuous occupation and required the least amount of 
preparation work. However, there was still a considerable amount of work required such 
as getting permission from the community to access the sites, installation of meters for 
flow measurement, excavation and retrofitting to install risers or sampling ports and to 
divert the black water and grey water into separate sampling locations.
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Plate 3.1 Relative location of all three selected sites, Pipalyatjara community
Plate 3.2 Site 1, Pipalyatjara community
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Plate 3.3 Site 2, Pipalyatjara community
Plate 3.4 Site 3, Pipalyatjara community
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As the septic tanks and drains were buried underground, excavation was carried out and 
levels taken, as given in Table B .l (Appendix B). This was to identify the depths and 
slope of the various CSTS components. In addition, other measurements were taken to 
locate all plumbing fixtures, drains and diversion joints required to quantify the 
preparation work needed for the monitoring work. Several sampling locations were 
selected throughout the chosen systems for sampling and analysis. These locations and 
other details on the work carried out prior to sampling at each particular site are shown in 
Figures 3.1 - 3.3.
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Pre-sampling site work carried out
1. A  150 litre drum w as installed for b lack  water collection
2. A  flow  controller w as installed dow n stream side o f  the black water collection point
3. Providing outlet b lo ck age device in the grease trap
4. Clearing top soil to a llow  inspection o f  all tank openings
5. Providing a riser at the end o f  the soakage trench for collecting sam ples at location V I
Figure 3.1 CSTS layout at Site 1 showing preparation works and sampling points
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Figure 3.2 CSTS layout at Site 2 showing preparation works and sampling points
3.5
Chapter 3 - R esearch  M ethodology
Figure 3.3 CSTS layout at Site 3 showing preparation works and sampling points
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3 .2 .2  On-site laboratory setup
The closest laboratory to the study area was in Alice Springs at the Power and Water 
Authority which was 10 hours drive or approx 2.5 hours by light aircraft. This laboratory 
did not have the facilities to test the required wastewater parameters and samples would 
have needed to be sent to Darwin or Adelaide at high cost. Considering these aspects, the 
decision was made to set up a water quality laboratory within the community. The 
community’s Power House compound was allocated for the laboratory. The author had to 
be accommodated within the same compound to keep up with the intensive wastewater 
collection and testing. This was also necessary to ensure the safety of the Anangu people 
by having the laboratory attended at all times to avoid attracting the attention of the 
community’s petrol sniffers. By doing so, the safety of the equipment and chemicals 
were also secured from break-ins, as accidents of this nature (eg., replacement of broken 
glassware, spilled chemicals or repair of damaged equipment) could have resulted in 
significant delays. Overall, the above arrangement was necessary as the wastewater 
samples had to be taken every 4 hours over a 24 hour period and the analyses of some of 
the water quality parameters needed to be done immediately after sample collection. The 
on-site laboratory was equipped to measure the physical, chemical, and bacteriological 
water quality parameters. The total kjeldhal nitrogen (TKN) test was excluded because of 
poor ventilation in the laboratory and other safety considerations. The on-site laboratory 
is shown in Plate 3.5.
Plate 3.5 On-site laboratory, Pipalyatjara, SA
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3 .2 .3  Determination of site and soil conditions
The soil percolation and permeability tests were conducted to assess the soil suitability 
and the size of the disposal area of the selected CSTS. The procedures followed in 
assessing soil percolation and permeability are described below.
3 .2 .3 .1  Percolation rate (PR)
In this phase, an on-site percolation unit was developed to allow the determination of soil 
percolation rates under saturated and unsaturated conditions. The percolation unit was 
based on Victoria EPA (1990) guidelines. The unit allows maintaining a constant water 
level and measurement of instant and accumulated water flows into a test hole. Details of 
the unit used for the on-site percolation rate measurements are shown in Plate 3.6 and 
Figure 3.4.
Three holes were prepared, using a manual auger with 100 mm diameter, to evaluate the 
percolation rate at Sites 1 and 3. Whereas, Site 2 was limited to only one hole due to the 
presence of limestone on site that made the digging of additional holes too difficult. The 
locations of the selected holes at these sites are shown in Figures 3.5 - 3.7. The test holes 
were then pre-soaked with tap water for a 24 hour period at constant head to saturate the 
soil. After the soaking period, the drop in water level in the PVC pipe was monitored 
every 5 or 10 min. Complete saturation of the soil before the commencement of drop 
measurements was ensured by monitoring the drop in water level in the PVC pipe. If the 
drop in water level exceeded 100 mm during the first 10 min, the soil was considered 
under saturated and was allowed to soak for an extended period (1 day). If after 
extending the soaking period, the drop in water level during the first 10 min remained 
greater than 100 mm, the time selected for drop measurements was then reduced to 5 min. 
This procedure was repeated to obtain a uniform drop within the selected time (30-60 
min). The PR is calculated as follows:
(i) Calculation of the equivalent volume of water in 150 mm length of a PVC pipe 
Volume = Cross section area of the pipe x maintained depth
= [3.1415x(100)(i) 2/4] x 150 = 1.178 x 106 mm3 *= 1.178 Litres
(ii) Conversion of the meter readings to the drop in water levels,
Drop = Flow from meter reading (in Litres) x 150/1.178 x 106 mm
(iii) Percolation rate per hole (PR),
PR = Drop/time, mm/hr where the time selected is 5 or 10 minutes
(iv) Average percolation rate over a number of holes
(PR)av = Average of 3-5 holes percolation rates (3 holes minimum)
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Plate 3.6 Percolation Unit
Figure 3.4 Percolation unit used for on-site soil percolation rate measurements
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Figure 3.6 Location of selected soil percolation test hole at Site 2
Figure 3.7 Locations of selected soil percolation test holes at Site 3 
Note: Not to scale and all dimensions in mm
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3 .2 .3 .2  Soil perm eability (k)
The soil permeability was determined in the laboratory using the constant head method 
(clean water tests). A permeameter was constructed and set up in the laboratory for this 
purpose. Details of the laboratory set up is shown in Figure 3.8. The soil permeability (k) 
is obtained as follows:
• Collecting a 5-10 kg of soil sample from the site (disturbed sample).
• Placing the soil sample in the column of depth L (placed in layers).
• Saturate the sample (4-24 hours).
• Maintaining constant head (445 mm at site, 1335 mm at the University).
• Measuring the discharged or displaced water over a period of time.
• Applying Darcy's Law, which is given by:
where,
k= soil permeability, mm/s
Q= flow, mm3/s
L= length of soil sample, mm
A= cross section area of soil sample, mm2
h= constant head, mm
L (mm)
IN
a
\r OUT
At Site (used for Sites 2 and 3)
L= 500 mm 
h= 445 mm
h (mm)
A (m m )
Soil sample
\
_ Q(mm/s)
Discharge
At the University of Wollongong (used for Site 1)
L= 215 mm 
h = 1335 mm
Figure 3.8 Constant head permeameter used to measure soil permeability in the laboratory
3.11
C hapter 3 - R esearch  M ethodology
3 .2 .3 .3  Long-term acceptance rate (LTAR)
The soil permeability value, as calculated above, is used to determine the long-term 
acceptance rate of effluent in accordance with Section 2.4.1.5. By knowing LTAR and 
wastewater generation rate, the size of required disposal area can be determined.
3 .2 .3 .4  Qualitative determ ination of soil perm eability
Soil permeability can be qualitatively estimated from borelog results classified according 
to Section 2.4.1.4. Due to the setback distances from bores (greater than 50 m), this 
method was not used as the bores soil profiles may not be consistent throughout soil 
horizon above which disposal systems were installed.
3 .2 .4  Flow m easurem ents
The flow measurements are of great importance in characterising the user habits while 
evaluating the performance of existing CSTS. To measure the quantity of wastewater, 
seven water meters were installed at each site for various plumbing fixtures. Due to the 
installation of air-conditioner systems at the three selected houses (between Nov. 1995 
and May 1996), an additional meter was installed at each site to measure the air­
conditioner water consumption. Details of meter size and fixture locations are given in 
Table B.2 (Appendix B). As shown in Plate 3.7, a typical arrangement of the installed 
meters was made accessible for taking the readings from the backyard to minimise 
disturbance to the inhabitants. All installed 12.5 mm meters were of Super-Dry water 
meter dial type "Maddalena” with specifications summarised in Table B.3 (Appendix B). 
The location and arrangement of installed meters at all three sites are shown in Figure B . 1 
(Appendix B).
Plate 3.7 A typical arrangement of installed meters for flow measurement
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3 .2 .5  Wastewater characteristics
Direct on-site water quality measurements in the field yielded parameters such as pH, 
temperature and turbidity. Water samples were also collected for subsequent analysis in 
the laboratory for the determination of other parameters such as concentrations of faecal 
coliform, suspended solids or non-filterable residue (SS or NFR), total solids (TS), total 
dissolved solids (TDS), 5 day biochemical oxygen demand (BOD5), chemical oxygen 
demand (COD), nitrogen compounds such as nitrate and nitrite nitrogen, total phosphorus 
(Phase 3), surfactant and oil in water. The ammonia nitrogen (NH3-N) was not measured 
because of the lack of chemicals, limitation of laboratory facilities and expected 
interference of raw water hardness in the test procedure. The analyses were conducted in 
accordance with Standard Methods (1995). Generally, the pollutants were selected to 
characterise the influent and effluent generated by the Aboriginal households and to assess 
the performance of existing CSTS. Concentrations obtained were then compared with 
existing guidelines or typical and literature values. Details on the measurement procedures 
of pH, faecal coliform, COD, and other parameters determined using the DR/2000 can be 
found in Table B.4 (Appendix B).
3 .2 .5 .1  Sampling locations
Each of the three CSTS was monitored at several sampling locations or points. The 
selected locations, designated as I to VII, are shown in Figure 3.9. The reasons for 
selection and general description of these sampling locations are given in Table 3.1.
3 .2 .5 .2  Sampling method
Due to variations in the raw wastewater quality and quantity during the day, grab 
sampling of influent black and grey water was selected for characterising septic tank 
influent. These were collected from Points I and II at 4 hourly interval over a 24 hour 
period. Also, grab samples were collected at Points HI, IV, VI and VH (if any) to assess 
the treatment level within septic tank and disposal areas. The grab sampling was preferred 
at these points, as variations in influent quantity and quality did not have significant 
impact on the wastewater characteristics due to the considerable detention time provided 
on the upstream side. To obtain an accurate assessment of septic tank effluent quality, a 
composite sample from Point V was preferred.
To minimise any disturbance of CSTS operation while sampling upstream and 
downstream of septic tank, it was necessary to schedule each sampling round over a 3 
day period. The detailed schedule for a typical sampling round is given in Table 3.2.
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Figure 3.9 Typical CSTS layout showing sampling locations
Table 3.1 Sampling locations and reasons behind their selection
Sam pling
lo ca tio n s
Selection criteria Sampling procedure
I and II To monitor influent black 
and grey water quality
Grab samples were collected from a 
storage drum and a grease trap (or 
sump) for black and grey water, 
respectively. After collection of each 
grab sample, the sampling points 
were cleaned at 4 h intervals during 
Days 2 and 3 of each sampling 
round.
Sample collection was carried out 
every 4 h over 24 h period.
IH and TV To monitor the biological 
conditions within the 
septic tank and to 
determine solids removal 
between compartments.
Grab samples were collected from 
septic tank inspection ports at about 
300 mm below tank water level.
Sample collection was carried out at 
9:00 am.
V To assess septic tank 
effluent quality.
Composite samples were collected 
from the soakage trench inlets risers.
Sample collection was carried out 
every 4 h over 24 h period. The 
samples were then mixed to prepare 
the composite sample.
VI and VII To determine the effluent 
quality in the soakage 
trench and to detect any 
clogging of the disposal 
area.
Grab samples were collected from 
the soakage trench ends risers.
Sample collection was carried out at 
9:00 am.
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Table 3.2 Details of sampling days
Sampling
days
Description
Day 1 Grab samples at Points III, IV and VI were collected on Day 1 at 
9:00 am.
Days 1 & 2 Twenty-four hour composite samples at Point V were collected over 
Days 1 and 2, yielding one composite sample. Here, sampling 
started at 9:00 am on Day 1 and ending at 5:00 am on Day 2. A total 
of six samples were collected at 4 h intervals. These were weighed 
corresponding to wastewater flows obtained from influent flow 
monitoring on Days 1 and 2, and the combined proportions of six 
wastewater samples were mixed together to form a single composite 
sample.
Days 2 & 3 Grab samples at 4 h intervals at Points I and II were collected on 
Days 2 and 3, yielding a total of 12 samples. Starting at 5:00 am on 
Day 2, flow blocking devices were placed to prevent wastewater 
from entering septic tank. Black and grey water were directed to two 
separate containers with sufficient capacity to handle 4 h of 
wastewater flow. The first sample was collected at 9:00 am on Day 
2. After each sample collection, both black and grey water 
containers were emptied and washed thoroughly. The storing, 
sampling, and washing of wastewater collection containers 
continued till 5:00 am on Day 3, thus yielding 6 samples each for 
black and grey water.
Preparation of composite sample for sampling Point V. The total wastewater generated 
between 5:00 am on Day 2 and 5:00 am on Day 3 is computed from equation 3.2. A 2 L 
composite sample is prepared by mixing the weighed proportions of 6 grab samples (Vj) 
collected on Days 1 and 2. These proportions are calculated from the wastewater flow 
generated every 4 and 24 h (equation 3.3). The final composite sample is made by mixing 
the individual proportions prepared (equation 3.4).
(3.2)
(3.3)
(3.4)
where,
V.= contribution of sample in the preparation of 2 L composite sample each 4 h 
Qj = wastewater flow each 4 h, L 
Qt = wastewater flow over 24 h, L 
Vt= composite sample (2 L)
a=Ss
i=i
v . - t v ,
1=1
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3.3  Phase 2: Laboratory Studies (Feb. 1997 - Jul. 1998)
The field investigation on CSTS performance in Pipalyatjara community (Phase 1) 
identified the need for a better design to improve septic tank effluent quality and thus 
reduce the potential of clogging of the disposal area. As a result of this investigation, three 
preliminary trial designs were proposed for testing in the field.
The laboratory studies aimed at i) assessing the performance of two filter media; ii) 
predicting the performance of selected media using existing mathematical models; iii) 
identifying alternative media if the originally selected media failed due to clogging and/or 
was incapable of achieving reasonable pollutant removal; and iv) optimising filter depths 
for the trial designs. These will be discussed in Chapter 5.
The effluent polishing process in the proposed trial designs incorporated anaerobic and 
aerobic filters, which had to be examined in a laboratory environment. To minimise the 
weight of the whole system (septic tanks and filters), light/weight plastic media were 
preferred to rock as a filtration media in each of anaerobic and aerobic filter 
compartments. The market (manufacturers/suppliers) was surveyed to explore plastic 
medium availability, variety, performance and costs. Raw wastewater from a wastewater 
treatment plant was used rather than synthetic wastes to simulate actual septic tank influent 
quality.
Eleven types of plastic media were considered for this purpose. From these, two types of 
media (one each of small and large modular media types) were selected for laboratory 
testing and monitoring of performance. The variety of plastic media taken into 
consideration with their media geometry, dimensions and costs are given in Table 3.3. 
Some of these media are shown in Plate 3.8.
Table 3.3 Types of plastic media surveyed for the laboratory setup
Media Supplier
Weight 
per unit, 
g
Width 
per unit, 
mm
Length 
per unit, 
mm
Diameter,
mm
Depth,
mm
Specific
surface
area,
m 2/m 3
Void
space,
%
C ost+,
$A/m3
Small medium
Bioball 
Bioblock 
Bioellipse 
BioSpheres 
BioCubes 
Ovi-Flow 
Bio-Mate 
Minikades 
Biokaskades 
Modular medium  
Accupac CF-1200 
Accupac CF-650
A
B
C
C
C
D
D
E
E
F
F
2.7 
6.9 
0.7
5.8 
25
5.35
2.9 
1.18 
8.59
30000
30000
13
25
25.4
300
300
27
25
25.4
1830
1830
25
40-48
34
31
25.4
22
40
34
9.5
25
39.2
300
300
528
163
1600-1750
1160-1750
1125-1170
403.2
528
468
320
226
390
67-73
93-96
91-94
83.2
75
85
85
95
95
3245
1300
6365
4002
3775
3724
1652
17400
4496
499
950
Note: A- TFH Australia Pty. Ltd., B- Kong’s Aquarium and Pets Supplies Pty. Ltd., C- Super Biomat, 
D- Aquasonic Pty. Ltd., E- Tasman Cooling Towers Pty. Ltd., +- All the prices are for 1997/1998.
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The first media selected, known as Bioellipse, is of small dimensions (27x13x9.5 mm), 
high surface area (1600-1750 m2/m3), moderate void space (67% to 73%) and each 
medium has an average weight of 0.7 g/ellipse. The specific surface area of the media, 
found in the market, ranged from 163 to 1750 m2/m3. The second media selected is of a 
modular type, known as Accupac media (CF-1200), has lower specific surface area (226 
m2/m3) and higher voids space (95%).
Plate 3.8 Small plastic media considered in the experimental work 
(Bioellipse medium is first from the left)
As the Accupac modular media have been widely used in large scale trickling filter 
applications, a significant number of articles on its performance was found. The Accupac 
media comes in the form of a block and is made of PVC cross corrugated sheets. This 
media is generally used in trickling filters for roughing, polishing, nitrification and 
denitrification processes. However, little work has been found in the literature of trickling 
filters packed with small media and in particular, no reference was found on the use of 
Bioellipse type of media for wastewater treatment.
The Accupac media can be found in three different configurations namely, cross flow, 
vertical flow, and inclined flow. The specific surface area of media range from 56 to 390 
m2/m3. The angle of corrugation of the cross flow type media is either 45° or 60° from the 
horizontal. In this work, only the cross flow type (CF-1200), shown in Plate 3.9, with 
corrugation angle of 60° is selected due to availability (Ex-stock). All selected media are
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resistant to rot, fungi, bacteria, inorganic/organic acids and alkalies as commonly found in 
raw wastewater. To assess the removal efficiency of Bioellipse and Accupac and to 
understand their behaviour in aerobic filters under gravity flow conditions, laboratory 
studies were carried out for a 20 week period (January to June 1998). The laboratory 
setup consisted of five columns filled with two types of media to various depths, and a 
pilot scale unit.
The laboratory setup was installed on-site at a local wastewater treatment plant to be 
directly fed with influent from the grit chamber. The setup consisted of 
constructing/installing 4 columns and a pilot tank unit. General description of the setup is 
given in Table 3.4.
Plate 3.9 Accupac, CF-1200 cross flow medium used for experimental studies
Table 3.4 Description of laboratory setup
D escription Columns Pilot tank
Material Clear perspex Clear perspex
Filter media Bioellipse
CF-1200
CF-1200
Dimensions, mm
Length - 1000
Width - 500
Depth 845 800
Diameter 95 ”
Depth of filter, mm
300 and 400Bioellipse -
CF-1200 300, 450 and 600 300
Flow rate, mL/min 10 200
Detention time, d - 0.9
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In scaling down the pilot tank, allowance has been made for almost one day detention time 
of wastewater. In calculating the detention time, the scum accumulation rate was neglected 
as the pilot tank was pumped out on a regular basis. As such, the detention time is 
calculated by dividing the liquid volume by the influent wastewater flow as follows:
• Liquid volume in pilot tank, L
= liquid volume of the first and second compartment (see Figure 3.11)
= [(0.53x0.68x0.495) + (0.253x0.68x0.495)]xl000 = 264
• Wastewater flow into pilot tank, L/d = 288
• Detention time, d = 264/288 = 0.9
The columns and pilot tank were made of clear perspex to allow observation of flow 
distribution, clogging of media and for ease of maintenance when needed. To run the 
columns and pilot tank individually and on a continuous basis, a total volume of 345.6 
L/d (4x14.4 + 288 L/d) or 374.4 L/d (3 x 14.4 + 1 x 43.2 + 288 L/d) was required. 
These volumes were required at different times of the setup operation. Further itemised 
details on wastewater volumes required by each component of the setup are given below:
• 14.4 L/d (10 mL/min) of sewage to feed each of 4 columns, two filled with small 
media and the other two with modular media,
• 43.2 L/d (30 mL/min) for a fifth column containing a core of 600 mm of modular 
media operated at a later stage, and
• 288 L/d (200 mL/min) to feed the reactor or pilot tank.
The above flow rates are selected to ensure that the aerobic filters in columns and pilot 
tank are loaded with wastewater within the range of 1173-11735 L/m2.d as applied in 
trickling filters (Metcalf and Eddy Inc., 1991). The wastewater loading rates selected in 
the columns and pilot tank are carefully selected taking into consideration the literature 
values given in Table 3.5. Furthermore, the selection of these flow rates was due to the 
limitation of the peristaltic pumps used and operational difficulties.
Table 3.5 Summary of wastewater loading rates
Wastewater application 
rate, L/nr.d
Reference Medium Anaerobic
filter
Aerobic
filter
Viraraghavan and Ramana 
(1990)
Metcalf and Eddy Inc. (1991)
Peat 63-127 "
Rock and plastic media - 1173-11735
Present study Plastic media 
Tank 2314 2578
Columns - 2032
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The wastewater loading rates given in Table 3.5 are calculated as follows:
1 Wastewater application rate 
into the anaerobic filter of 
pilot tank
2 Wastewater application rate 
into the aerobic filter of pilot 
tank
3 Wastewater application rate 
into the columns (Bioellipse 
and Accupac-columns)
wastewater flow into the 2nd compartment of 
pilot tank divided by the surface area of the 
anaerobic filter.
288x100x100/(25.3x49.2) = 2314 L/m2.d
wastewater flow into the 3rd compartment of 
pilot tank divided by the surface area of the 
aerobic filter.
(288 - 3xl4.4)xl00xl00/(19.3x49.2)=2578 
L/m2.d
wastewater flow into each column divided by 
the surface area of the column
14.4x100xl00/(7t(9.5)2/4) = 2032 L/m2.d
Two separate peristaltic pumps were used to feed the columns and pilot tank. The 
peristaltic pump used for columns allowed a maximum mounting of four pump heads 
enabling a maximum of four columns to operate at once. The second peristaltic pump was 
mounted with a single pump head and was mainly installed for feeding the pilot tank at a 
higher wastewater loading rate.
3.3 .1  Setup for columns
A total of 5 columns was studied during Phase 2. As shown in Plate 3.10, the setup 
includes 4 columns operating at any given time. The arrangement of the columns along 
with dimensions are shown in Figure 3.10. The top open end of each column was fitted 
with a perforated container to distribute the influent. The same container was perforated at 
the side to allow aeration of the filter, thus working as a vent.
The first two columns were randomly packed with small plastic media (Bioellipse) to 300 
mm (866 ellipses) and 400 mm (1113 ellipse) depths. The other three columns were filled 
with 95 mm diameter cores cut from a CF-1200 block (Accupac media). The depth of 
these cores after insertion in columns are 300, 450 and 600 mm measured from the 
bottom end of columns. Some definitions used in this study are:
• In the case of a column with Bioellipse media packed to 300 and 400 mm depths may 
be represented as Bioellipse-300 column and Bioellipse-400 column, respectively.
• In the case of a column with Accupac media CF-1200 packed to 300,450 and 600 mm 
depths may be represented as Accupac-300 column, Accupac-450 column and 
Accupac-600 column, respectively.
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The effluent from all 4 columns were drained into 4 containers of 11 L capacity each (one 
for each column). These were fitted with overflow outlets positioned at 70 mm below the 
top of each effluent container. This is to allow the discharge/disposal of unwanted volume 
of effluent directly into the grit chamber. The columns, effluent collection containers, 
power board, thermometer, and two peristaltic pumps were housed within a metal 
cupboard fitted with a wall fan to allow air circulation. This cupboard was positioned on a 
concrete platform just above the grit chamber to allow minimum transport, direct feeding 
and/or storing and discharge of wastewater.
3 . 3 . 2  Setup for pilot tank
The pilot tank, shown in Plate 3.11, was positioned separately above the grit chamber and 
was covered all around with wooden boards to avoid algal growth in the tank and damage 
to the perspex material. Complete setup details of pilot tank is shown in Figure 3.11. The 
pilot tank was designed to act as a three compartment septic tank. The first compartment 
allows settling of suspended solids. The wastewater flows upward in the second 
compartment while passing through an anaerobic filter medium. The third compartment 
provides aerobic treatment as the wastewater trickles down through the filter medium. 
Overall, the pilot tank was designed to emulate the modified CSTS designs given in 
Section 4.8.2.
Plate 3.10 Columns setup
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for flow distribution, all (1) 10 mL/min © 10 mL/min (3)
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10 mL/min ©
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Figure 3.10 Columns set up at Bellambi Sewage Treatment Plant
Note: A max. of 4 columns were operating at a time, as shown in Plate 3.10.
Plate 3.11 Pilot tank setup
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Figure 3.11 Pilot tank set up at Bellambi Sewage Treatment Plant
3 .3 .3  W ater quality param eters
Influents and effluents from the columns were sampled on a weekly basis. The effluent 
draining from each column was grab sampled. Influent and effluent samples were 
analysed for temperature, pH, turbidity, dissolved oxygen (DO), suspended solids (SS), 
biochemical oxygen demand (BOD), chemical oxygen demand (COD), and for limited 
number of samples, nitrogen in the form of nitrate and nitrite were also measured. 
Similarly, influent and effluent grab samples of the pilot tank were taken on the same day 
and analysed for the same parameters. A total of 115 samples were analysed for the above 
parameters including occasional samples taken from the first and second compartment of 
the pilot tank.
High temperatures within the cabinet containing the columns were eliminated by installing 
a wall fan. Cabinet temperatures were monitored and compared with ambient temperatures 
to evaluate any interference on water quality results.
3 .3 .4  S am pling
The laboratory setup was commissioned on 16 December 1997 with a weekly sampling 
regime scheduled over a 20 weeks period (ending on 19 June 1998).
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3.3 .4 .1  Sampling of columns
Influent to columns was grab sampled from the influent storage unit (Week 1-6) or 
second compartment of the pilot tank (Week 7-20). The change in influent sampling 
locations here is to obtain more representative samples by creating a better simulation of 
trial design conditions. It was necessary to expose the filter media used in columns to an 
influent with similar characteristics to that of septic tank effluent polished by an upflow 
anaerobic filter which is the situation in the proposed trial designs (see Section 4.8.2). 
Therefore, collection of influent samples from the second compartment of the pilot tank, 
just above the anaerobic filter, was the ideal location.
The effluent samples from columns were taken from the blue colored 11 L containers 
shown in Plate 3.10. These containers were emptied and washed thoroughly 24 h prior to 
each sampling round. On each sampling day, a thorough mixing of effluent wastewater 
contained in the 11 L containers was allowed and four grab samples were collected from 
the four containers (one from each column). Thus a total of 5 samples were collected on a 
particular sampling day. The columns’ influent and effluent sampling locations are shown 
in Figure 3.10.
3.3 .4 .2  Sampling of pilot tank
An influent storage unit (825 L) was installed on the concrete platform, just above the grit 
chamber to dose the pilot tank with wastewater. The capacity of this storage unit was 
sufficient for at least 3 days of continuous operation of the laboratory setup (columns and 
pilot tank). One or 2 days prior to a particular sampling day, the influent storage tank was 
emptied, cleaned and washed thoroughly before being filled with raw wastewater from 
the grit chamber using a submersible pump operating at a flow rate of 14 m3/hr.
A total of 3 samples were taken from the pilot tank in a particular sampling day. These 
consist of one sample from the storage unit, a second sample from the first compartment, 
and a third sample from pilot tank outlet. The pilot tank’s influent and effluent sampling 
locations are shown in Figure 3.11.
A peristaltic pump was used for collecting 1 grab sample from the 825 L storage unit, 
representing influent to pilot tank. The suction inlet of influent collection tubing was 
positioned at least 200 mm above the bottom of the storage unit during feeding and 
sampling of pilot tank influent to avoid suction of possibly accumulated sludge at the 
bottom of the storage unit. Also, regular priming of peristaltic pump tubing was 
performed to wash out any accumulated growth in the suction and delivery tubing.
Another grab sample representing the pilot tank effluent was collected from the tank outlet 
located at 50 mm above the bottom of the pilot tank.
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To assess the removal efficiency of the anaerobic filter incorporated in the pilot tank, grab 
samples were taken at later stages, from the first compartment of the pilot tank.
3.3.5 Selection of wastewater source
To simulate septic tank influent and effluent, wastewater with similar characteristics was 
needed. For this purpose, the Wollongong City Council (Department of Public Health) 
was approached in early 1997 to seek its cooperation in locating premises operating with 
conventional septic tank systems under its area. Unfortunately, the attempt was 
unsuccessful as CSTS old records were not available and the approval for CSTS 
installation was no longer granted. Furthermore, a Council Officer suggested contacting 
one owner with premises located in an unsewered area who might have a CSTS. Also, a 
suggestion of knocking on doors in the Bulli, Stanwell Park, and Austinmer areas was 
made. One householder, having a pump-out system in his backyard, rather than a 
conventional one, expressed his interest to remove any amount of wastewater from his 
tank whenever it is needed (Henrich, 1997). However, the large volume of wastewater 
required on daily basis and transport issues prompted the selection of a large scale 
wastewater treatment plant as the influent source to the laboratory setup.
Due to the occupational health and safety regulations at the University of Wollongong, the 
intention of daily transport and/or use of large volume of fresh wastewater from a 
wastewater treatment plant to the University premises was not feasible. Also, the setup 
operating conditions and associated maintenance made it impossible to contain the 
columns and pilot tank in an indoor environment. For these reasons, Bellambi sewage 
treatment plant was chosen as the ideal wastewater source and location for carrying out 
the laboratory work. By selecting raw wastewater in feeding the setup, a close simulation 
to septic tank influent was assumed.
Bellambi Sewage Treatment Plant (BSTP) is one of the Illawarra’s region five wastewater 
treatment plants and one of the two primary treatment plants in the area (Bellambi and Port 
Kembla). The plant is currently planned for wastewater diversion by year 2002 (20 ML/d) 
to Wollongong Sewage Treatment Plant and is governed by Primary Plant Licences, thus 
allowing it to release effluent with up to 3 times the secondary treatment plants effluent 
concentrations in the region (Wollongong, Shellharbour and Bombo). BSTP is located 
some 9 kilometres north of Wollongong’s Central Business District.
Despite the close proximity of BSTP to the University of Wollongong, the samples were 
refrigerated and then transported to the laboratory within 10 min and analysed on the same 
sampling days.
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3.3 .6  Wastewater feeding arrangement
Different arrangements of feeding wastewater into the laboratory setup were carried out in 
the following order:
• feeding the pilot tank and columns from an elevated tank containing circulated fresh 
and/or stored wastewater taken from the grit chamber by gravity or pumping using 
peristaltic pumps,
• direct feeding of the pilot tank and columns from the grit chamber using peristaltic 
pumps, and
• feeding of the pilot tank from a large storage tank using an individual peristaltic pump. 
The storage unit here was of a sufficient wastewater volume to run the setup for at least 
2-3 days without interruption (no circulation was allowed). The columns here were 
directly fed from the second compartment of the pilot tank using a second peristaltic 
pump.
3.3 .6 .1  Feeding by gravity or pumping from an elevated storage tank
The arrangement here consisted of continuous collection of wastewater from the grit 
chamber using a displacement pump (7 d/week and 24 h/d) and storage of the circulated 
wastewater in an elevated tank positioned above the columns cabinet. This tank was fitted 
with two 50 mm overflow outlets to allow the discharge of excess effluent wastewater 
back into the grit chamber.
Dosing from the elevated tank was either by gravity or pumping using a peristaltic pump. 
Fresh influent was assured due to continuous circulation of wastewater between the grit 
chamber and the elevated tank. However, this arrangement led to several operating 
problems. The main problems were clogging of suction screen positioned in the grit 
chamber and shut off of the displacement pump which needed manual priming to restart. 
Furthermore, considerable fluctuations in influent strength at BSTP were experienced on 
a weekly basis. These were often caused by flush out operation of BSTP every Thursday. 
Also, maximum inflow occurred regularly between 3:00 pm and 4:00 pm (Kolodzey, 
1997). These problems are summarised below.
• flow fluctuations and flush out operation of the system caused the pump to shut off 
after running dry (water level below suction inlet), and subsequently manual priming 
of the pump was needed,
• pump gasket leaked and was replaced twice as a result of the pump running dry (even 
for a short period),
• power blackouts sometimes lasted up to 10 min at BSTP causing the setup to run dry 
until the pump was restarted by manual priming, and
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•  gravity dosing from the elevated tank did not guarantee constant inflow due to the 
blockage of the pinch-locks used for flow control.
To obviate the above problems, the arrangement of continuous circulation between grit 
chamber and the elevated tank had to be changed. A submersible pump was then used to 
pump a sufficient volume of wastewater from the grit chamber to a storage tank. To 
minimise settling of stored wastewater, circulation between the storage tank (positioned 
on the setup platform floor) and the elevated tank (positioned on the top of the columns 
cabinet) was allowed. The circulation was achieved using the same displacement pump 
used in the previous feeding arrangement. However, the recirculation process of stored 
wastewater resulted in providing a significant amount of treatment to the influent. This 
also resulted in a little or no pollutant removal being achieved in the final effluent. 
Consequently, alternative feeding methods had to be employed.
3.3 .6 .2  Feeding directly from the grit chamber using peristaltic
pumps
Here, the setup was fed directly from the grit chamber using two peristaltic pumps (one 
each for columns and pilot tank). The columns and pilot tank suction tubing were tied into 
a 2.5 m metal rod welded to a comb shape metal frame at the bottom (5 teeth, each 120 
mm long). To avoid clogging of tubing inlets, the suction tubes were positioned at 20-30 
mm above the bottom end of each tooth. The setup was simply fed by lowering the rod 
into the grit chamber and turning on the two peristaltic pumps (one each for columns and 
pilot tank). The main problems here were:
• accumulation of rags, fluff and solids matter on the comb,
• significant clogging of inlet suction tubing and need for manual priming of peristaltic 
pumps to clean the tubing,
• suction tubing breakdown and/or flattened tubing sections within the pump heads due 
to the requirement of pumping over larger total head (fatigue), and
• after six weeks of commissioning and due to high suspended solids found in influent a 
minor ponding and clogging occurred in the 400 mm filter column containing the 
“Bioellipse” media. This ponding/clogging process made the 400 mm filter column 
operate as anaerobic filter.
The above factors made it necessary to identify alternative feeding arrangement for the 
experimental setup.
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3.3 .6 .3  Feeding the pilot tank from a stored wastewater and columns
from second compartment of pilot tank
Another change in the collection, storage and feeding method was then employed by 
allowing suction of influent at a closer distance to the pilot tank. This helped in 
minimising the clogging in the feeding tubes and the frequent need for priming the 
peristaltic pump to allow pumping out of accumulated growth in the tubing.
As in the preliminary designs, the use of the small plastic media was primarily considered 
for settled effluent or wastewater which had already passed through an anaerobic upflow 
filter, thus feeding influent of lower strength had to be employed. As such, necessary 
changes were made to allow feeding from the second compartment of the pilot tank.
The influent to pilot tank here was obtained by collecting wastewater from the grit 
chamber using a submersible pump and storing it into a 825 L storage tank. This volume 
was sufficient to dose the setup for a 3 day period. A second peristaltic pump (different 
than that used for columns) was employed to feed the pilot tank directly from the 825 L 
storage tank. The suction tube inlet was placed at a minimum distance from the pump to 
avoid blockage. The inlet tube was positioned at a depth of about 200 mm from the 
bottom of the storage tank to avoid suction of settled sludge. General setup details 
including filter medium type and depths, dates of feeding arrangement changes, influent 
loading rates and the total sampling rounds as applied at various stages of the laboratory 
work are given in Table 3.6.
Table 3.6 Influent source and number of sampling rounds for columns and pilot tank
Setup Filtermedia
Filter
depth,
mm
Flow
rate,
m L/m in
Date
first
tested
Date
last
tested
Total
sampling
rounds
Influent source
Columns
Bioellipse 300 10 28/1/98 8/4/98 11
Week 1-6: raw waste 
Week 7-11: second 
chamber of pilot tankBioellipse 400 10 28/1/98 8/4/98 11
CF-1200 300 10 18/3/98 19/6/98 14
Second chamber of 
pilot tankCF-1200 450 10 22/4/98 19/6/98 9
CF-1200 600 10 1/5/98 19/6/98 8
Pilot tank CF-1200 300 200 28/1/98 19/6/98 20
Week 1-6: raw waste 
Week 7-11: storage 
825 L tank
Anaerobic 
filter in 
pilot tank
CF-1200 300 200 1/5/98 19/6/98 8
1st chamber o f pilot 
tank
3.3 .7  Wastewater application rate
The results of the preliminary investigation of 1995/1996 and the literature were 
considered in identifying the wastewater application rate for laboratory setup and trial 
designs. Here, the wastewater application rates for the setup are discussed.
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Two of the 5 columns included in this study, containing the Bioellipse media (300 and 
400 mm deep), were dosed with 10 mL/min (2032 L/m2.d) of raw and primary treated 
wastewater. In these columns, the Bioellipse media experienced significant clogging in 
week 11. This suggested discontinuation of media from further wastewater loading and 
testing.
Three other columns, containing the Accupac (CF-1200) media (300, 450 and 600 mm 
deep), were dosed with 10 mL/min (2032 L/m2.d).
The pilot tank containing an anaerobic upflow and an aerobic downflow filters was dosed 
with 200 mL/min (2880 L/m2.d) of raw wastewater.
Continuous dosing of columns and pilot tank (24 h/d, 7d/week) was carried out using 
two peristaltic pumps. The dosing pump for columns was mounted with 4 pump heads, 
thus allowing a maximum of four columns operating at any given time. The second pump 
was installed to dose the pilot tank individually. To deliver different wastewater flow 
rates, two different size tubing were used in each pump.
Anaerobic filter. The anaerobic filters, as in trial designs, are incorporated in the 
second compartment of the septic tank. As Accupac modular media is selected for that 
purpose, the setup here examined this media as anaerobic filter medium in the pilot tank 
only.
The surface area of the anaerobic filter incorporated in the pilot tank is 0.1245 m2 (0.253 
m x 0.492 m), thus allowing wastewater application rate of 2314 L/m2.d. This is much 
higher than the literature wastewater loading rates applied in anaerobic filters. However, 
the purpose of the filter here is more for removing suspended solids as it acts as a Lemella 
settling chamber.
Due to time, site and facilities constraints at the BSTP, increasing the wastewater 
application rate in pilot tank was not considered as it required a larger storage space to run 
the setup.
Aerobic filter. The surface areas of the aerobic filters incorporated in the pilot tank and 
columns at Bellambi are 0.095 m2 (0.193 m x 0.492 m) and 0.0071 m2 (7t(0.095 m)2/4), 
respectively, thus allowing a wastewater application rate of 3033 and 2032 L/m2.d for the 
tank and columns, respectively. These application rates are within the literature 
wastewater loading rates for aerobic filters. The application rates here were selected for 
the following reasons:
• the mounting of a smaller size tubing in peristaltic pumps would result in clogging,
• the small volume of wastewater required to feed each column (14.4 L/d) did not cause 
a storage problem, and
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•  higher application rate in aerobic filter of pilot tank than those filters in columns would 
show the effect of different wastewater loading rate on the performance of the Accupac 
media (used in the third compartment of the pilot tank and 3 columns).
3 .3 .8  Equipment used
During the construction and operation of the setup, the extensive teething process was 
associated with an increase in expenditure. The costs of some of the equipment used 
excluding the construction material of setup and consumables are given in Table 3.7. 
Explanatory details on Table 3.7 and the equipment used in the laboratory work are 
discussed below.
Table 3.7 Equipment costs excluding constmction materials and consumables
Equipment Cost, A$ 
1997/1998
Pilot tank fabrication 550
ORBIT CCM/1001* 1326
Submersible pump 485
Masterflex variable speed console drive 
(Model 07521-40) 1786
Masterflex Easy-load II pump head 
(Model 77200-50) 337
Masterflex C-Flex tubing size L/S 14 40
Masterflex C-Flex tubing size L/S 16 52
Noprene tubing size 18 (E-06404-18) 187
Masterflex L/S variable speed digital drive 
(E-07523-27) 2550
3 Masterflex Easy-load pump heads for precision tubing 
(E-07518-00) @$ 289 each 867
Masterflex Easy-load pump head for high performance tubing 
(E-07518-02). 289
Wall fan 65
Total 8534
* - This cost includes costs of pump, hose, fittings and suction screen.
Displacement and submersible pumps. In the beginning, a displacement pump (25 
- L/min) was used to supply the wastewater from the grit chamber to an elevated feeding 
tank mounted on the top of a metal cupboard containing the columns (almost 6 m above 
intake point).
Due to the operational problems described previously, the displacement pump was 
dismantled and replaced by a submersible pump (233 L/min) which was mainly used for 
collecting raw wastewater from the grit chamber and storing it in a 825 L storage 
container. This pump was also used to clean out the storage tank (weekly basis) and in 
pump-out operation of the pilot tank (monthly basis).
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Peristaltic pumps. A low flow variable speed console (L/S) drive pump was used to 
feed the pilot tank. This pump includes 10-tum potentiometer (speed control) which 
allowed the setting of precise flow rates. This pump was mounted with an easy load II 
pump head giving higher flow rates, automatic tubing retention and adjustable occlusion. 
A black coloured Noprene tubing, size 18 was used to feed the pilot tank with a constant 
inflow of 200 mL/min.
Due to the limitation of the number of pump heads that can be mounted on the above 
pump and the variation of flow applied to columns from that of the pilot tank, another 
peristaltic pump was needed for dosing the columns. For this purpose, a low flow 
variable speed (L/S), digital drive was employed. The selected pump allowed a maximum 
of four pump heads to be mounted which is sufficient to dose four columns. Three of 
those pump heads were of easy-load for precision tubing type, which tends to accept five 
size tubing. The use of tube size L/S 14 or 16 allowed the delivery of 10 mL/min, selected 
for columns. The fourth pump head was an easy-load pump head for high performance 
tubing which can only accept two size tubing (L/S 15 and 24). Here, tubing size L/S 24 
was selected to allow dosing the columns at higher flow rates.
Wall fan. An AIRFLOW-WE200 exhaust fan was mounted to the side wall of the metal 
cupboard containing the columns. The exhaust fan was fitted through a 213 mm hole 
centred at 400 mm from the top of cupboard. Another hole was made on the opposite side 
wall at 400 mm from the bottom of the cupboard to allow air flow circulation. The fan 
was placed above the columns and as close as possible to the peristaltic pumps. The 
installation of the fan was to:
• eliminate elevated temperature effects on columns influent and effluent quality,
• minimise odour, and
• protect the peristaltic pump from overheating.
The fan was fitted with an automatic draught shutter, thus preventing entry of wind, dust 
and insects. Further specifications and details on the equipment listed above are given in 
Table B.5 (Appendix B).
3.3.9 Health and safety precaution
The protection of public health is an essential requirement in either small or large scale 
wastewater treatment. Due to regular and frequent maintenance involved in operating the 
laboratory setup, handling and analysing large number of wastewater samples, safety 
measures were taken. Immunisation of the author for Hepatitis A and B, Tetanus, Cholera 
and Typhoid were carried out as recommended by a General Practitioner (Venkatesan, 
1997).
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3 .4  Phase 3: Trial Designs, Installation and Evaluation of
Perform ance (Nov. 1998-Feb. 1999)
Three new designs, as detailed in Chapter 5, were developed as a result of the preliminary 
investigation (Phase 1) and experimental studies (Phase 2). These were implemented in 
the field and were monitored between Nov. 1998 and Feb. 1999. Each design was 
installed at a different site and evaluated for its performance. In monitoring these designs, 
a similar methodology to that of Phase 1 was followed.
To assess the performance of the designs, a monitoring program was carried out over two 
testing periods (Nov.-Dee. 1998 and Jan.-Feb. 1999). The installation, scope of the 
preparation work, design significance and description of the monitoring work are 
discussed in the following sections.
Due to the early clogging of the Bioellipse media, experienced in Phase 2, two small 
plastic media, known as Biosphere and Bioblock, were chosen as trickling filter medium 
in the trial designs. These media have smaller surface area, higher void space which make 
them less prone to clogging when subjected to septic effluent. Furthermore, they are 
cheaper than Bioellipse. The Biosphere and Bioblock media, shown in Plate 3.12, are 
incorporated in the aerobic filter compartments of Designs 1 and 2.
Plate 3.12 Media used in the trial designs
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The Biosphere media is 34 mm in diameter and has a lower specific surface area (1160 
m2/m3) and higher void space (93-96%) than Bioellipse. The Biosphere media is used in 
the aerobic filter tank of Design 1.
The Bioblock is of a cylindrical shape and has significantly lower surface area of 163 
m2/m3 and larger void space than Bioellipse. The outer surface of this medium resembles 
a spoked cog wheel with 40 and 48 mm diameter corrugation and is 34 mm deep. Inside 
the Bioblock, 16 spokes (8 @ 15 x 8 mm and the other 8 @ 15 x 10 mm) are attached to a 
hollow cylinder in the centre of the block. The cylinder is 6 mm in diameter and 18 mm 
deep. The Bioblock medium is used in the aerobic filter tank of Design 2.
In addition to Accupac, CF-1200 (tested in Phase 2), another type of modular media, 
known as Accupac, CF-650 (390 m2/m3) is incorporated in anaerobic filter compartments 
of Designs 1 and 3.
3.4 .1  Site selection
A total of 3 sites with existing houses was selected in the Pipalyatjara community for 
installation of the designs outlined above. Out of these sites, only Site 2 from Phase 1 
was chosen for the installation of one of the trial designs, namely Design 2.
Generally, all three sites needed either repair or upgrade of the existing septic tank or 
disposal system. The disposal area at Site 1 was small, effluent has been poorly 
distributed in the soakage trenches at Site 2, and the septic tank at Site 3 was undersized. 
As such, the selected houses suggested the following:
1. installation of a larger disposal area at Site 1,
2. replacement of effluent distribution system at Site 2, and
3. installation of a larger septic tank, due to high population load, at Site 3.
3 .4 .2  Installation of trial designs
Due to financial restraints, the installation of trial designs were preliminary planned to be 
on new houses. This is to utilise a certain percentage of funds allocated for constructing 
new houses (Pholeros and Rainow, 1998) and thus eliminating the need for retrofitting 
existing systems and/or installing a new disposal area. However, significant delays in 
issuing construction and manufacturer approval created a gap in budgeting the installation 
and money had to be allocated from maintenance and upgrade budgets. As such sites with 
existing houses and poor sanitation were selected for installation of the trial designs. The 
allocation of design corresponding to the selected sites is shown in Figure 3.12. Designs 
1, 2 and 3 were allocated for installation at Watson, Ankalya and Erins houses, 
respectively.
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Furthermore, the remoteness of the community added a considerable delay in finding a 
contractor to do the installations. Two contractors expressed their interest and quoted for 
the work, one local ($32,000) and the other from Adelaide ($52,000). The preference 
was given to the local contractor who provided a significantly cheaper quotation as his 
machineries were already in the study area. However, this did not mean a speedy 
installation as he was not available in August/September 1998 and suggested starting 
installation on 19 October 1998. It should be noted that early delivery of the design 
components was made to Pipalyatjara Power House on 8 September 1998. The amount of 
preparation work at the sites varied as the nature of designs required a different approach 
to existing installation practice. One of the major difficulties was that the existing soakage 
trench at Site 1 could not be used for Design 1, as the final effluent drain level was below 
the top level of the existing soakage trench tunnel. This suggested the installation of a 
newer and deeper soakage trench (2.5 m below ground level). The preparation work at 
Sites 1, 2 and 3 are given below together with the sites layout showing main design 
components in Figures 3.13 - 3.15. The scope of the installation work for each design as 
outlined to the contractor are given in Table 3.8.
Figure 3.12 Trial design and site allocation in Pipalyatjara
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Table 3.8 Scope of installation work for each design
Design 1
1. Empty / disconnect /remove/dispose of existing septic tank
2. Install 3000 L sullage tank (to receive grey water) and 400 L filter tank in new 
location
3. Install 1620 L septic tank (to receive black water) in new location
4. Install access risers/lids to new tanks
5. Install temporary soil waste (black water) or raw black water collection sump 
(consisting of a wheely bin contained in a galvanised box with a wooden cover) and 
inspection shaft upstream of 1620 L tank (provided)
6. Install temporary sullage or grey water collection sump (consisting of a wheely bin 
contained in a galvanised box with a wooden cover) and inspection shaft upstream of 
3000 L tank (not provided)
7. Install approx 5 m drain to new sullage tank
8. Install approx 7 m drain from new filter tank to main drain
9. Install approx 10 m of main drain from septic to existing soakage trench.
10. Construct new soakage trench - (approx 20 m x 2.5 m).
11. Install induct vent between sullage and filter tanks
12. Install filter tank vent
13. Install sampling points:
- to a drain downstream from the 1620 L septic tank,
- to a drain downstream from the 400 L filter tank, and
- to the end of effluent soakage trench.
1. Modify induct vent to permit use as a sampling point
2. Install a new DN 50 vent at WC outlet
3. Install overflow relief gully at laundry outlet__________________________________
Design 2
1. Empty/disconnect/remove/dispose of existing septic tank
2. Install temporary soil waste collection sump and inspection shaft on drain from WC
3. Install inspection shaft downstream from existing sullage sump
4. Install modified 3000 L septic tank and 1100 L filter tank in same location
5. Empty/disconnect/remove existing distribution box
6. Install new distribution box
7. Install access risers/lids to new tanks
8. Install riser increment/s to distribution box
9. Install approx 3 m drain from new sullage tank to distribution box
10. Install approx 7 m drain from distribution box to existing soakage trenches.
11. Install induct vent between septic and filter tanks
12. Install filter tank vent
13. Install sampling points:
- to a drain downstream from the 1100 L filter tank, and
- to the end of effluent soakage trenches.____________________________________
Design 3
1. Empty/disconnect/remove/dispose of existing septic tank
2. Install temporary soil waste collection sump and inspection shaft on drain from WC
3. Connect drain from sullage sump to kitchen drain (approx 10 m, this drainage line is 
to be re-instated at the end of the trial works)
4. Install a new temporary sullage sump and inspection shaft.
5. Install 4300 L septic tank in new location
6. Install access riser/lid to septic tank
7. Install sampling points:
- to a drain downstream from the 4300 L septic tank, and
- to the end of effluent soakage trench._______ _______________________________
3.35
Chapter 3 - R esea rch  M ethodology
I_____I
Figure 3.13 Site 1 showing Design 1 components
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Figure 3.14 Site 2 showing Design 2 components
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Figure 3.15 Site 3 showing Design 3 components
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3.4 .2 .1  Installation of Design 1
The installation of Design 1 started on 21/10/98 (scheduled on 19/10/98) and was 
completed on 29/10/98. An acclimatisation period of two weeks was allowed for growth 
of bacteria prior to sampling. The installation of the black water, grey water and aerobic 
filter tanks are shown in Plate 3.13 and the new soakage trench is shown in Plate 3.14.
During excavation, a large septic tank 2 m in diameter and 2.4 m long (6200 L) was 
located in the backyard (above SAHC standard specifications). The wastewater was 
pumped out from the tank and an attempt at its removal was made. Due to machinery 
constraints (tank was too heavy), the removal operation was unsuccessful. The tank had 
to be filled with soil and buried and another space was allocated for the installation of the 
1620 L black water tank. This was reported directly to SAHC and approval for carrying 
out the work, by filling and burying existing tank, was issued immediately (Steel and 
Clarke, 1998).
During excavation, all existing pipes connected to the shower block and toilet were 
located 400 to 500 mm below ground surface. This suggested the following options:
1. Re-plumbing all fixtures to rise outlets to at least 300 mm from the ground surface, or
2. Continue the installation at existing outlet levels.
Due to time constraints and the ongoing delay in starting the installation, the work was 
carried out based on existing piping levels. An additional riser was required for the filter 
tank, thus a total of 600 mm risers (2 @ 300 mm deep) were placed on the top of the 400 
L filter tank. Some of the difficulties that may be encountered here are:
• access difficulties to septic tanks (1620 L and 3000 L tanks) openings, and filter tank 
and its media (400 L), and
• access difficulties to black and grey water flow control devices. However, these will 
not affect the performance or monitoring of the systems as risers are provided on all 
buried components.
The level of outlet pipe of filter tank, almost 2 m from ground level, made the use of the 
existing soakage trench impossible as this was located at 1.2 m from the ground level. To 
overcome this problem, a deeper soakage trench was required. A new soakage trench 
with an average width of 3 m and 15 m long trench was installed. These dimensions, 
although different from those originally recommended by SAHC, were approved by the 
same authority. The bottom of the soakage trench was about 2.5 m below ground level.
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It should be noted that existing soakage trench at Site 1 had experienced some clogging in 
the past and installation of a new soakage was therefore beneficial.
The existing soakage trench was originally installed outside the property boundary due to 
yard constraints. However, in constructing the new trench, the yard area was extended to 
accommodate the new disposal area and a new fence was erected at 6 m to the east side of 
existing one. This will minimise the damage that may occur from vehicles driven on the 
disposal area.
At the time of the tank commissioning, the 1620 L black water tank was full. To seed this 
tank, it was pumped out into a 3000 L tanker which contained some of the pumped out 
wastewater from the existing 6200 L septic tank at the beginning of installation. This 
provided a mixture of fresh and old wastewater and the mix was used to fill the black 
water tank. The tank was filled without any overloading/overflowing. The grey water 
tank was not seeded.
Plate 3.13 Installation of 1620 L black water tank (left), 3000 L grey water tank and 400 L
aerobic filter tank (right) at Site 1
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Plate 3.14 Installation of a new soakage trench at Site 1
3 .4 .2 .2  Installation of Design 2
The installation of Design 2 started on 29/10/98 and was commissioned on 1/11/98 
(installation work completed on Saturday 31/10/98). Similar to Design 1, an 
acclimatisation period of two weeks was allowed for growth of bacteria prior to sampling. 
The installation of a 3000 L septic tank and the 1100 L aerobic filter tank is shown in 
Plate 3.15.
There was no problem in removing the existing 3000 L septic tank at Site 2. The old tank 
was pumped out and removed. Further excavation was carried out to allow installation of 
the 1100 L filter tank downstream from the new 3000 L septic tank.
There were some difficulties in allowing the use of existing soakage trenches. These were 
due to minor constraints of similar nature to those encountered at Site 1. At existing pipes 
depths, the filter tank’s (1100L) and the distribution box’s outlets pipes were required to 
be above the top of the existing soakage trenches, 1260 mm below the ground level. The 
top of existing trenches were at 850 mm below ground level. Here again, the options 
were to:
1. Adjust the levels of new and existing plumbing fixtures as follows:
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• Cover the new septic tank with soil of depth less than 300 mm, measured from 
the tank inspection opening to ground surface,
• raise the existing grease trap towards the surface to allow for 2% slope 
throughout the system, and
• raise existing pipe levels from shower block and other plumbing fixtures to less 
than 300 mm form the ground level. This will provide reasonable falls between 
the filter tank outlet, the new distribution box and the existing soakage 
trenches. Normally, pipes downstream from the distribution box are inserted 
into the top of the arch tunnel (300 mm from bottom of the trench). Here 
allowance is being made where same pipe entered into the soakage trenches 
inlet caps at 180 and 220 mm from the bottom of the trenches for trench 1 and 
2, respectively (the distance here is from the bottom of the soakage trench to 
the bottom of the trench inlets’ pipe).
2. Install a new and deeper soakage trench (additional cost), or
3. Install Design 3 at Site 2 and use exiting soakage trench.
The first option, raising existing plumbing fixtures and reducing soil cover, was selected. 
The other two options were not considered due to the following:
• As Site 2 was assessed in the preliminary investigation (Phase 1), there was no need 
for an upgrade to justify the installation of a new soakage trench. The site had good 
soil permeability and effluent percolation rate and no wastewater ponding was 
encountered (Section 4.2).
• The excavation at Site 2 for a larger tank, in the case of Design 3, was difficult 
(limestone) and the larger tank, 4300 L , has been already allocated to Site 3 where a 
larger number of occupants was expected.
A compromise had been suggested by inserting the pipes downstream from the 
distribution box into the side of trenches inlet caps rather than into the top of the arch. 
This was approved by SAHC and approval was issued on site. The connection between 
distribution box outlet pipes and soakage trenches inlet caps is shown in Plate 3.16. The 
approval of such an arrangement was granted based on CEDS installation taking place in 
the near future and that the site has good absorption.
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Plate 3.15 Installation of 3000 L septic tank and 1100 L aerobic filter tank at Site 2
Plate 3.16 Connection between distribution box outlet pipes and trenches inlet caps at Site 2
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3 .4 .2 .3  Installation of Design 3
The installation of Design 3 started on 1/11/98, completed and commissioned on Monday 
2/11/98. The installation of a 4300 L septic tank, grey water collection point (tin box) are 
shown in Plate 3.17.
There was some additional plumbing work in the grey water sampling sump. Although a 
grease trap was located at the site prior to the preparation work, it was receiving water 
from the shower block only. The kitchen drain, surprisingly, was not connected to the 
grease trap. The kitchen line was found buried under a concrete slab and the existing falls 
did not allow for its plumbing to the existing grease trap and thus prevented its use as 
grey water sampling sump. For this purpose, a grey water collection sump had to be 
constructed downstream from the joint where existing grease trap and kitchen line meet. 
Two tin boxes were constructed to contain the black and grey water collection containers. 
The soakage trench inlet pipe was almost 700 mm from ground surface level. The effluent 
sampling point and connection with existing soakage trench is shown in Plate 3.18.
Plate 3.17 Installation of the 4300 L septic tank at Site 3
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3 .4 .3  M onitoring of trial designs
To carry out this investigation, an on-site laboratory was re-established by the writer in 
the community (31/8/98 to 15/9/98) and was made available for testing soil, water and 
wastewater quality parameters (similar to Phase 1).
To study the performance of the designs while houses are occupied, the monitoring 
program had to be carried out over two periods, separated by a 3 week break. The break 
period was scheduled to coincide with the time when the Anangu people become actively 
mobile and were likely to be involved in cultural ceremonies (18 Dec. 1998 -17 Jan. 
1999).
Public health and security concerns suggested that the laboratory be packed up while not 
attended as it contained hazardous chemicals and the possibility of break in and sniffing 
these substances by young Anangu was extremely high. For these reasons, the laboratory 
was packed up on 18/12/1998 and sent to Alice Springs. This was then re-established on 
16/1/1999 and sampling/testing was carried out between 18/1/1999 and 11/2/1999.
Plate 3.18 Use of existing soakage trench for disposal of 4300 L septic tank effluent
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3 .4 .3 .1  Determ ination of site and  soil conditions
The permeability of soil and sizing of the disposal area are not assessed as the 
investigation here focused on evaluation of design performance of septic tanks in terms of 
effluent quality. However, in-situ effluent percolation rates for Sites 1 and 3 were 
determined as described in Section 3.2.3.1. Site 2 was the same site studied in Phase 1, 
and therefore the percolation rate at this site was assumed to be the same. Three holes 
were prepared for percolation tests at Sites 1 and 3. The locations of the selected holes are 
shown in Figures 3.16 - 3.17.
Hole 3
Figure 3.16 Location of selected soil percolation test holes at Site 1
Figure 3.17 Location of selected soil percolation test holes at Site 3
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3 .4 .3 .2  Flow measurements
To quantify the water consumption and wastewater generation at different plumbing 
fixtures, nine meters were installed at Site 1 and seven meters were installed at each of 
Sites 2 and 3. The meters were of same type to those used in Phase 1 and were made 
accessible for taking the readings from the backyard to minimise disturbance to the 
inhabitants. The location and arrangement of installed meters at all three sites are shown in 
Figure B.2 (Appendix B). On sampling days, meter readings were taken every 4 hours at 
each sampling site and on other days readings were taken once per day at each of the 
sites.
3 .4 .3 .3  Wastewater Characterisation
To compare the performance of the trial systems, influent and effluent quantity and quality 
parameters as outlined in Phase 1, are measured. In addition, other parameters including 
conductivity, sodium (Na), Calcium (Ca) and Magnesium (Mg) are also measured to 
assess the sodium absorption ratio (SAR) and its implications on effluent percolation rate 
and clogging of the disposal area.
3 .4 .3 .3 .1  Sampling locations
Each of the three designs was monitored at several sampling locations or points. The 
selected locations, designated as I to V, are shown in Figures 3.18 - 3.20. The reasons 
for selection and general description of these sampling locations are given in Table 3.9. 
The nominated sampling locations (Points I - V), do not necessarily reflect the same 
source of samples in each of the three designs. A summarised description of the sampling 
points is given in Table 3.10.
3 .4 .3 .3 .2  Sampling method
Generally, the sampling method for characterising influent and effluent quality (Points I - 
II), including the preparation of composite samples and use of blocking devices while 
collecting raw black and grey water, were similar to those adapted in Phase 1. Exception 
was made for the collection of raw grey water at Site 1. This was due to the depth of the 
existing grey water drain which made the installation of the blocking device difficult (the 
drain was too deep to reach by hand). The alternative arrangement was to allow storage of 
grey water in a container which once filled, will divert the flow into the 3000 L grey water 
tank. Further details on the sampling procedures at each sampling point are given in Table 
3.9.
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Table 3.9 Sampling locations and reasons for their selection
Sampling locations 
(days of sampling)
Selection criteria Sampling procedure
I and II: 
All 3 sites
To monitor influent black 
and grey water quality,
Grab samples were collected from a storage drum and/or grease trap (or sump) 
for black and grey water, respectively.
(Days 2 & 3)
To understand the diurnal 
variation of water quality 
parameters, and
To monitor the efficiency 
of the design.
Grab samples at 4 h intervals at Points I and II were collected on Days 2 and 3, 
yielding a total of 12 samples. Starting at 5:00 am on Day 2, flow blocking 
devices were placed to prevent wastewater from entering septic tank. Black and 
grey water were directed to two separate containers with sufficient capacity to 
handle 4 h of wastewater flow. The first sample was collected at 9:00 am on Day 
2. After each sample collection, both black and grey water containers were 
emptied and washed thoroughly. The storing, sampling, and washing of 
wastewater collection containers continued till 5:00 am on Day 3, thus yielding 6 
samples each for black and grey water.
ID: Site 1 
(Days 1 & 2)
To monitor the black 
water tank effluent, and
To assess the benefit 
from segregating the 
wastewater.
Composite samples were collected. The sampling was earned out every 4 h over 
24 h period. A series of six grab samples were collected and mixed to form a 
composite sample. The grab samples were collected from the inspection shaft 
instiled downstream the 1620 L black water tank.
III : Site 2 To monitor the septic tank 
effluent quality upstream 
from the aerobic filter and 
thus assessing the filter 
influent quality, and
Grab samples were collected from the second compartment of the 3000 L septic 
tank, just above the anaerobic filter. These were collected at 1:00 pm or 5:00 pm 
of Day 2 of each sampling round.
(Day 2) To assess the biological 
treatment of the septic 
tank and anaerobic filter.
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Table 3.9 Sampling locations and reasons for their selection (continued)
Sampling locations 
(days of sampling)
Selection criteria Sampling procedure
til: Site 3 
(Days 1 & 2)
To monitor septic tank 
effluent quality and 
assess design efficiency.
Composite samples prepared as in Point III of Design 1. A series of grab samples 
was collected from the inspection shaft installed downstream from the 4300 L 
septic tank over a 24 h period.
----------- iv r s i te i-----------
(Days 1 & 2)
To monitor the grey water 
effluent quality, and
To assess the benefit of 
segregating the 
wastewater and the 
potential of grey water 
reuse.
Composite samples prepared as in Point III of Design 1. A series of grab samples 
was collected from the inspection shaft installed downstream the 3000 L grey 
water tank over a 24 h period and then a composite sample was prepared.
IV: Site 2 
(Days 1 & 2)
To monitor the effluent 
quality from the 1100 L 
aerobic filter tank, and
To examine the polishing 
effect on septic tank 
effluent.
Composite samples were prepared as in Point III of Design 1. A series of grab 
samples was collected from the inspection shaft installed downstream from the 
1100 L aerobic filter tank over a 24 h period and then a composite sample was 
prepared.
V: Site 1 To monitor the grey water 
quality in the septic tank, 
and
Grab samples were collected from the second compartment of the 3000 L grey 
water tank, just above the anaerobic filter. These were collected at 1:00 pm or 
5:00 pm of Day 2 of each sampling round.
(Day 2) To determine the influent 
quality of the aerobic 
filter.
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Figure 3.18 Sampling location at Site 1
Figure 3.19 Sampling location at Site 2
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Figure 3.20 Sampling location at Site 3
Each of the systems was monitored over 3 days, followed by two days for the analysis 
and assessment of results thus a total of 5 days was required per system (eg., 3 systems 
in 15 days). A total of 6 sampling rounds was set for each system, thus a total of 90 days 
of actual sampling (6 rounds x 3 systems x 5 days) and analysis were set for the field 
work. Although, a splitting of the field work into two testing periods (45 days each) was 
initially suggested by NHC, delays in approval, manufacturing, site preparation and 
installation prompted the monitoring and analysis to be carried out over uneven testing 
periods.
While planning for a single sampling round, it was envisaged that a maximum of 15 and 
14 samples could be collected at each of Sites 1 and 2, respectively. Whereas, a maximum 
of 13 samples could be collected at Site 3. Thus yielding a maximum number of 252 
samples over 6 sampling rounds (15x6+14x6+13x6).
The sampling, although scheduled to start on 23/9/98, had to be delayed until mid Nov. 
1998. This was due to considerable delay encountered in the approval, manufacturing and 
installation of the trial designs.
A sudden death of a community member confined the number of samples collected at Site 
3, only 171 samples were collected and analysed. Details on samples distribution and 
schedule are given in Table 3.10 and 3.11, respectively.
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Table 3.10 Sampling details at Sites 1 -3
Site
or
Design
Sampling
Points
Description Max. 
No. of 
samples 
per 
round
Type of 
sample
Total
number
of
samples
I Black water influent 6 Grab 25
n Grey water influent 6 Grab 27
m Black water tank
1 effluent 1 Composite 7
IV Aerobic filter
effluent 1 Composite 7
V Anaerobic filter
effluent 1 Grab 6
i Black water influent 6 Grab 27
n Grey water influent 6 Grab 27
2 m Septic tank effluent 1 Composite 7
IV Aerobic filter
effluent 1 Composite 7
i Black water influent 6 Grab 11
3 n Grey water influent 6 Grab 12
m Septic tank effluent 1 Composite 8
Total 171
Table 3.11 Installation and sampling schedule
Description Design
Site 1 2 3
Installation started 21/10/98 29/10/98 1/11/98
Installation completed 29/10/98 31/10/98 2/11/98
Design commissioned 29/10/98 2/11/98 2/11/98
Testing rounds 
1 14/11/98 30/11/98 18/11/98
2 23/11/98 6/12/98 26/11/98
3 3/12/98 22/1/99 18/1/99
4 25/1/99 29/1/99 N/O
5 2/2/99 5/2/99 N/O
6 5/2/99 8/2/99 N/O
7 8/2/99 11/2/99 N/O
Note: N/O:- Not occupied. This occurred as a result of a death of a community member in a nearby 
house. The householders at Site 3 had to leave their house immediately (cultural reasons).
As seen in Table 3.11, the 5 days per sampling round described above, had to be reduced 
to 3 days. This is to compensate the encountered delays and to test the designs while 
houses remained fully occupied. However, at least two weeks of tanks acclimatisation 
period was allowed, as shown from the dates of commissioning and testing given in 
Table 3.11.
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3 .5  Summary
The methodology undertaken in this research, outlined under three phases, involved site 
investigation, field evaluation of existing septic tank systems and soakage trenches, 
design development, laboratory experiments, design and installation of three new 
designs.
Phase 1 of this investigation involved an intensive field water quality monitoring 
program, with sampling and analysis being carried out over 24 hr period. The remoteness 
of the site and frequency of testing required the establishment of an on-site water quality 
laboratory in the community. Population surveys, assessment of soil and sites conditions 
(eg., permeability of the soil and percolation rates), measurement of water and wastewater 
flow rates, and characterisation of influent and effluent quality were carried out to evaluate 
the design and efficiency of the existing sanitation systems. This approach was applied to 
three selected sites, where several sampling locations throughout the treatment systems 
and effluent disposal fields were chosen. Due to variations in the raw wastewater quality 
and quantity during the day, grab sampling of influent black and grey water was selected 
for characterising the influent. Grab samples were also collected from within the septic 
tanks and the disposal area. To obtain an accurate assessment of septic tank effluent 
quality, collection of composite effluent samples was preferred. To minimise any 
disturbance of CSTS operation while sampling upstream and downstream of septic tank, 
it was necessary to schedule each sampling round over a 3 day period. Generally, 8 
rounds of sampling in total were allocated to each site.
As a result of Phase 1, three preliminary designs were developed and laboratory 
experiments were carried out to evaluate these designs in a laboratory environment. The 
laboratory studies, as in Phase 2, aimed at assessing the performance of two filter media 
with different geometry. The experimental results were then compared with predictions 
obtained using existing mathematical models. This was to select models whose 
predictions are in agreement with the experimental results, and to optimise the filters’ 
depths in the final trial designs. Raw wastewater from a wastewater treatment plant was 
used in the experimental setup rather than synthetic wastes to simulate actual septic tank 
influent quality. The experimental setup consisted of 5 columns and a pilot tank.
In Phase 3, a similar approach to that adopted in Phase 1 was followed. In addition, this 
phase involved supervision of three new installations. Effluent samples taken downstream 
from the aerobic filters were composite samples whereas influent was grab sampled. As 
the primary objective of Phase 3 is to identify the overall efficiency of the designs in the 
removal of SS and BOD, sampling from the disposal field, as in Phase 1, was not carried
out.
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PHASE 1: PERFORMANCE EVALUATION OF 
EXISTING CONVENTIONAL SEPTIC TANK 
SYSTEMS AND PROPOSED DESIGNS
4.1  Introduction
In this chapter the performance of three existing conventional septic tank systems is 
evaluated. The evaluation is based on the field data generated from 18 rounds of 
sampling. Soil and water quality parameters are discussed and compared with standard 
specifications and typical parameter values given in Chapter 2. The data, collected 
between November 1995 and May 1996, are presented below under six categories:
• Soil conditions
• Population survey
• Flow measurement
• Wastewater characteristics
• Wastewater ponding depths in the disposal area
• Groundwater contamination
4 .2  Soil Conditions
The percolation and soil permeability tests were conducted, at each site, to assess the 
capability of the soil to absorb the septic tank effluent and to estimate the size of land-area 
required for the disposal of this effluent. The procedures followed are outlined in Sections
2.4.2 and 3.2.3. Results and observations are discussed in the following sections.
4 .2 .1  Effluent percolation rate
Effluent percolation rates or PR were determined as described in Sections 3.2.3.1 and 
summarised in Table 4.1. These were obtained from different locations around the 
disposal areas as shown in Figures 3.5 - 3.7 (Section 3.2.3.1).
The raw data for effluent percolation rate of all three sites, showing the selected times for
saturation, are given in Tables C.l - C.7 (Appendix C).
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Table 4.1 Percolation rates (PR) at Sites 1 -3
Site Measurement
date
Percolation rate (PR), m/d
Measured Guideline for effluent disposal
Victoria EPA (1990) SAHC (1995)
1 24-27/11/95 24
2 10-11/12/95 9 <1.2 0.36 - 3.6
3 14 - 29/04/96 70
As seen in Table 4.1, the observed PR values are much higher than those specified by 
SAHC (1995), thus indicating that the soils at all three sites are too permeable. Therefore, 
there may be a likelihood of groundwater contamination with effluent. To assess the 
effects of on-site effluent disposal on the quality of the groundwater, three bores were 
tested and their results are discussed in Section 4.7.1.
4 .2 .2  Soil permeability
The constant head method described in the literature was used in permeability 
measurements. One soil sample was collected from each site to measure the infiltration 
rate or permeability under saturated soil conditions using clean water. The results are 
given in Table 4.2. The calculations were carried out as in Section 3.2.3.2.
Table 4.2 Soil permeability by constant head method for Sites 1 -3
Soil permeability (k), m/d
Site Measurement
date k k av k av
Measured Measured (AS 1547, 1994)
range average Suitable range for 
effluent disposal
1 3/11/96 0.21 - 0.45 0.28
2 22/5/96 0.48 - 0.56 0.55 0.05 - 0.60
3 10/12/95 2.00 - 5.07 3.54
As shown in Table 4.2, the permeability values for Sites 1 and 2 are within those 
specified by AS 1547 (1994). On the other hand, the permeability for Site 3 (3.54 m/d) 
appears to be much higher than the suggested range (0.05-0.6 m/d).
Overall, there were variations between PR and values as indicators for assessing the 
suitability of the site for effluent disposal. The PR value (determined in the field) for all 
three sites, as in Table 4.1, indicated that none of the sites was initially suitable for 
effluent disposal. On the other hand, the permeability values kav (determined in the
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laboratory), as in Table 4.2, indicated that only Site 3 is unsuitable for effluent disposal. 
These variations are commonly experienced in practice between the permeability values 
determined by the textural classification method and the percolation tests. However in this 
case the percolation and permeability tests procedures varied significantly. The percolation 
test allowed movement of water in all directions, thus resulting in high PR values. 
Whereas in the permeability test, the movement of water was confined, thus resulting in 
lower permeability values.
Examination of the soil samples collected from the sites, however, indicated that the soil 
is of loamy, sandy loam and sandy type, at Sites 1, 2 and 3, respectively. For similar soil 
classifications, AS 1547 (1994), assign representative permeability values of 0.3,0.6 and
1.2 m/d, respectively (Section 2.4.1.3). As these values are closer to kav, given in Table 
4.2, they will be used in assessing the land-area required for the disposal of effluent. The 
permeability values are used to determine the effluent long-term acceptance rate (LTAR) 
using Figure 2.14 (Section 2.4.1.4). The LTAR corresponding values are 20, 27 and 37 
L/m2.d for Sites 1, 2 and 3, respectively. The disposal area and trench length requirement 
are then calculated using equations 4.1 - 4.2 (AS 1547, 1994).
4,=
Q
LTAR
^trench
4,
rç+4.
where,
(4.1)
(4.2)
A *
Q
LTAR
Wt
dw
Disposal area requirement (wet area), m2
Average wastewater flow (939, 1469 and 455 for Sites 1, 2 and 3 
respectively), L/d
Effluent long-term acceptance rate (determined from curve correlating 
permeability and LTAR, refer to Figure 2.14), U  m2.d
Width of the trench (taken here as 0.6), m
Wet depth of the trench (taken here as 0.6 which is 2 times half depth of 
arch tunnel and aggregates, 2x0.5x0.6), m
Equations 4.1 and 4.2 yield the effluent disposal area of 47, 54 and 12 m2, which 
correspond to trench lengths of 39, 45 and 10 m for Sites 1, 2 and 3, respectively.
4 .2 .3  General observations
After considering both PR and permeability results, it can be concluded that Site 3 is too 
permeable for on-site effluent disposal. This may suggest the need for conducting further
4.3
costly investigations into the possibility of groundwater contamination at this site. 
Generally, there was no record of a site investigation being conducted prior to the 
installation of any CSTS in the Pipalyatjara community. A site is often assumed capable to 
absorb and treat the effluent. As such the field tests, required by the local codes and 
standards (eg., PR and k), are not implemented.
4.3  Population Survey
In conjunction with the flow measurements, population surveys were carried out with the 
help of an Environmental Health Officer from the Anangu community, results of which 
are given in Table 4.3. The contribution of the local Anangu was essential to liaise with 
the community members and facilitate access to the sites. However, there were some 
difficulties encountered during the population surveys. These were of a similar nature to 
those observed by Pholeros et al. (1993), which were:
• mobility between houses during the survey period,
• children may not necessarily sleep in the same house as their parents,
• household populations may be affected by members going hunting, attending 
ceremonies, football matches or by a death, either in their community or surrounding 
communities,
• short-term population increase may not be recorded, and
• population surveys therefore represent only the situation when the surveys were made.
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Table 4.3 Summary of household population surveys
Surveys Population at Site
(adults, children, total)
1 2 3
1 4, 8, 12 - NS
2 - 4, 3 ,7 NS
3 2, 4 ,6 11, 4, 15 2, 0 ,2
4 3, 6 ,9 - NS
5 5, 7, 12 - NS
6 8, 5, 13 7, 3, 10 NS
Average 10.4 10.7 +
Standard deviation 3 4 -
Phase 1, overall average 10.6
Pholeros et al.(1993), average** 7.5
NHC et al. (1987), average** 8
Note: NS - Not surveyed; + - Data inconclusive due to limited number of surveys; 
++ - Surveys were not conducted for the same sites under present study.
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The surveys indicate an average population of 10.4, 10.7, and 2 per household for Sites
1,2 and 3, respectively. These are calculated by excluding some survey results where the 
houses were unoccupied.
As shown in Table 4.3, Site 3 has a limited number of population surveys, this was due 
to the above mentioned difficulties. Therefore, the overall average is calculated by 
excluding Site 3. Thus an average population of 10.6 was obtained. This average was 
used for Site 3 as well for calculating water consumption and wastewater flow rates.
Generally, the observed population per household in the selected community is 2 to 3 
times higher than the Australian urban population. Therefore, the current practice of using 
a standard 3000 L septic tank (for urban conditions) for Aboriginal communities may be 
inadequate.
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4.4 Flow Measurements
The flow measurements were obtained from the water meter readings installed particularly 
for this purpose. Knowing the population per household and the total water usage, water 
and wastewater flows per capita per day were determined. The total water consumption 
and average daily flow from different plumbing fixtures for the duration of the project are 
given in Table 4.4.
Table 4.4 How components at Sites 1 -3
Flow components Site Pipalyatjara Urban+
1 2 3 average average
L/d % L7d % L7d %T L/d % %
Water consumption 
Washing machine 398 11 584 28 179 18 387 19 11
Shower 241 7 467 22 87 8 265 13 13
Bath - - - - - - - - 2
Basin - 2
Kitchen hot water 128 4 136 7 41 4 102 5 4++
Kitchen cold water 133 4 157 8 43 4 111 5 -
Air conditioner 456 13 389 19 262 26 369 19 -
Water closet 66 2 139 7 36 4 81 4 15
Garden tap, laundry sink and losses 2166 60 209 10 379 37 918 36 53
Total 3588 100 2081 100 1028 100 2232 100 100
Wastewater flow
Black water (% of wastewater) 66 7 139 10 36 8 81 8 30
Grey water (% of wastewater)+++ 873 93 1330 91 419 92 874 92 70
Wastewater flow into CSTS (% of water consumed) 939 27 1469 71 455 37 954 45 47
Note: + - Average domestic wastewater for Brisbane, Australia, adopted from Jeppesen and Solley (1994); 
++ - Average value for combined kitchen cold and hot water; +++ - Grey water quantity is estimated by
adding the water consumed by various grey water producing plumbing fixtures. Refer to Figure B.l for 
further details.
The percentage contribution of various plumbing fixtures to the total water consumption, 
as in Table 4.4, will help in identifying the user pattem/habits and comparing the same 
with urban conditions. Furthermore, the flow measurements per capita are calculated on
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an average population of 10.4, 10.7 and 10.6 per household, for Sites 1, 2 and 3, 
respectively. These are given in Table 4.5. The flow measurements, as in Tables 4.4 - 
4.5, were taken over a period of 65, 60 and 63 days of water usage for Sites 1, 2 and 3, 
respectively. From Table 4.4, the following observations can be made:
• 45% of total water consumed is transformed to wastewater
• the highest water consumption are those related to air conditioner, garden tap and 
washing machine usage.
• 8% and 92% of the wastewater is black and grey water, respectively. This distribution 
is significantly different from that of urban conditions (30% and 70%, respectively). 
The variation here could be attributed to climatic as well as cultural differences between 
urban communities and remote Aboriginal communities.
Generally, high water consumption and significant water losses through garden taps, as 
in Table 4.4, may be caused by either water being actually consumed by householders or 
leaking plumbing fixtures. However, the field data on total water consumption, average 
daily flow and the variation of water consumption corresponding to time, all indicated that 
the high water consumption and losses are the result of occupant usage rather than leaking 
plumbing fixtures. This is evident from the water consumption records on 3/4/96, 
28/4/96, and between 1/5/96 and 5/5/96 for Sites 1, 2 and 3 respectively. On these days, 
water meters did not record any water usage thus eliminating the possibility of leaking 
plumbing fixtures. No maintenance or repair was undertaken during the monitoring 
period. However, the average water consumed per capita at the selected sites, as given in 
Table 4.5, are still below the design flow rate (150 L/capita.d) adapted by the SAHC 
(1995).
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Table 4.5 Water consumption and quantity of wastewater
Param eter Site A verage
1 2 3
Population 10.4 10.7 10.6* 10.6
Flow, L/capita.d 
Water consumption 345 195 97 212
Wastewater flow 90 137 43 90
Black water 6 13 3 8
Grey water 84 124 40 83
Note: * - Assumed value: Due to the limited number of surveys 
for Site 3 as shown in Table 4.3, the average population for this 
household is based on the average of Sites 1 and 2 surveys.
Table 4.5, indicates an overall average water consumption rate of 212 L/capita.d which is 
significantly higher than the 120 L/capita.d reported by Pholeros et al. (1993). This past 
survey was based on an average population of 9 and over 30 days of water usage data.
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Further details on water consumption records, average daily flow and variations at 
various plumbing fixtures can be found in Tables C.8 - C.10 (Appendix C). Generally, 
the variations in water consumption and wastewater flow rates appear to fluctuate 
considerably as indicated in Table 4.6.
Table 4.6 Fluctuation of water and wastewater flow rates
C h apter 4  - P h ase 1: P erform an ce Evaluation o f  E x is tin g  C o n v e n tio n a l
S ep tic  T an k  System s an d  P ro p o sed  D esigns
S ite W ater flow, L/d
W ater
consum ption
W astewater
generated
Grey
water
Black
water
1 209 - 17329 0 - 2706 0 - 2583 2 -  189
2 0 - 4684 0-4331 0 - 4329 0-703
3 8 - 3699 0-1754 0-1656 0 - 128
Table 4.6 is used to calculate the maximum wastewater flow rates per capita at each site. 
These account to 260, 405 and 165 L/capita.d for Sites 1, 2 and 3, respectively, and were 
obtained using the average population load per household given in Table 4.5.
The flow measurements are used to determine the design flow rate. This was statistically 
calculated by taking into account the actual wastewater flow rate distributions during the 
monitoring period. The selection is made in such a way that the design flow rate is greater 
than or equal to the daily average flow rate for 85% of the time. The statistical 
distributions of daily average flow rates of combined wastewater at all 3 sites are shown 
in Figure 4.1. Similar analyses were carried out for both black and grey water. All the 
design flow rates corresponding to combined or segregated wastewater (grey and black 
water) are given in Table 4.7.
Figure 4.1 Flow rate distribution and determination of the design flow
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Table 4.7 Calculation of the design flow
Site 85th percentile of wastewater used, L/capita.day
Black w ater Grey w ater Combined w astew ater
1 11 144 155
2 18 174 192
3 9 98 107
Average 13 139 152
In the absence of field data, Table 4.7 can be used in assessing the design flow rates for a 
sanitation system in remote Aboriginal communities. Although the estimated design flow 
for combined wastewater (152 L/capita.d) is found to be in agreement with the flow (150 
L/capita.d) used by SAHC (1995), the population load per household surveyed here is 
significantly higher than specified by the same authority (6 person per household). 
Consequently, the septic tanks appear to be undersized.
The flow fluctuations (Table 4.7) and daily flow variations (Tables C.8 - C.10), show 
that shock loading may occur on one particular day where wastewater generation exceeds 
the typical tank capacity (3000 L). In such circumstances, the wastewater loading rate into
the soakage trench is likely to exceed LTAR of 25 L/m2.d, above which effluent disposal 
fields fail (Geary, 1992a).
Diurnal variations. As shown in Figures 4.2 - 4.6, the short-term variations in water 
and wastewater flow rates observed at the three sites follow a typical diurnal pattern. 
These variations seemed to be quite variable from one site to another.
Figure 4.2 Hourly variation in domestic water consumption flow rates at each site
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Figure 4.3 Hourly variation in domestic wastewater flow rates at each site
Figure 4.4 Hourly variation in domestic black water flow rates at each site
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Time of day
Figure 4.5 Hourly variation in domestic grey water flow rates at each site
Figure 4.6 Hourly variation in average water consumption and 
domestic wastewater flow rates at all sites
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Some of the observations on water and wastewater flow patterns, as given in Figures 4.2
- 4.6, are noted below:
Water consumption f Figure 4.2")
• The first peak flow for Sites 1 and 2 occurred between 9:00 am and 1:00 pm and for 
Site 3, it occurred in the afternoon between 1:00 pm and 5:00 pm,
• the water consumption at all sites, observed in the early morning, between 1:00 am and 
5:00 am (when occupants are expected to be asleep) are mainly those consumed by air 
conditioners, and
• the water consumption at Site 2 appears to follow a similar trend to that of urban 
household with two peaks, one in the morning and another in the evening.
Wastewater fFigures 4.3 - 4.61
• The occurrence of peak flow, as shown in Figure 4.3, may vary from one site to 
another. Significant differences between Site 2 and Sites 1 and 3 in the number of 
peaks are evident, as there are 2 peaks for Site 2 compared to only one peak for Sites 1 
and 3. The peak flow for Sites 1 and 3 occurred between 1:00 pm and 5:00 pm and for 
Site 2, the first peak occurred between 9:00 am and 1:00 pm and the second peak 
between 5:00 pm and 9:00 pm. Thus the flow pattern at Site 2 appears to conform with 
that of an urban household, which evidently exhibits 2 peaks in the diurnal pattern of 
wastewater.
• at Site 1, the peak flow was the highest compared to Sites 2 and 3 (Figure 4.3). The 
majority of the peak flow at Site 1 is due to grey water. This can be observed from the 
black and grey water flow patterns shown in Figures 4.4 and 4.5,
• the highest peak black water flow was observed at Site 2. This occurred between 5:00 
pm and 9:00 pm. Between 1:00 am and 5:00 am, the black water flow at Site 2 
remained higher than the other sites and while this may suggest a minor leak in the 
toilet, the amount of water lost was insignificant,
• the hourly variations of black and grey water flow rates generated from the 3 sites, 
shown in Figures 4.4 and 4.5 follow the same pattern of combined wastewater and 
therefore, observations on peak flow occurrence are similar,
• Similar to water consumption, the wastewater flow rates observed at all 3 sites follow 
diurnal pattern, as shown in Figure 4.6. Generally, the peak flow at all 3 sites occurs 
between 1:00 pm and 5:00 pm,
• the majority of wastewater is generated as grey water (Figure 4.6), and
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• the minimum wastewater flow into the septic tank occurs during the early morning 
hours when water consumption is lowest (between 1:00 am and 9:00 am).
Generally, it can be concluded that, based on the diurnal pattern of flow variations at Sites 
1 and 3, the wastewater flow from the remote Aboriginal communities is significantly 
different from that of urban communities. The variations may be attributed to the 
differences in user habits and culture.
Required tank capacity. In SA, sizing of a septic tank for a residential unit is based 
on the assumed wastewater generation rate of 150 L/capita.d, household population of 6, 
one day minimum detention time, sludge accumulation rate of 80 L/capita.year and a 
desludging frequency of 4 years (SAHC, 1995). These assumptions are applied, as in 
Table 2.5 (Section 2.3.2), to obtain the typically adopted septic tank capacity of 3000 L in 
the study area.
To assess the capacity of the septic tank required for each study site under field 
conditions, calculations as in Table 2.5 were followed taking into account the observed 
population per household, 85th percentile of the flow, average and maximum flow 
conditions. The detention time, sludge accumulation rate and desludging frequency were 
assumed as similar to those adopted by SAHC (1995). The results are summarised in 
Table 4.8.
Table 4.8 Tank capacity requirement and wastewater detention time under different conditions
Description Site
.2 3
Design population load 10.4 10.7 10.6
85th percentile flow
Design hydraulic load, L/capita.d 
Volume for sludge storage (4 year desludging), L 
Volume for wastewater storage ( Id  detention time), L 
Required tank capacity, L
155
3328
1612
4940
192
3424
2054
5478
107
3392
1134
4526
Average flow
Design hydraulic load, L/capita.d 
Volume for sludge storage (4 year desludging), L 
Volume for wastewater storage ( Id  detention time), L 
Reauired tank capacity, L
90
3328
936
4264
137
3424
1466
4890
43
3392
456
3848
Maximum flow
Design hydraulic load, L/capita.d 
Volume for sludge storage (4 year desludging), L 
Volume for wastewater storage ( Id  detention time), L 
Required tank capacity, L
260
3328
2704
6032
405
3424
4334
7758
165
3392
1749
5141
Table 4.8 indicates that, by following the SAHC (1995) and AS 1547 (1999) 
specifications for sizing a septic tank for residential dwelling, the septic tanks installed at 
the study sites appear to be undersized.
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4.5  Wastewater Characteristics and Evaluation of Septic Tank
Performance
A total of 196 samples was collected over the monitoring period. The number of samples 
collected from each sampling point and site are given in Table C.l 1 (Appendix C). A total 
of 7, 6, and 5 sampling rounds was carried out for Sites 1, 2 and 3, respectively. This 
uneven distribution along with the variation in number of samples was due to 
householder's activities, population mobility within Pipalyatjara and between surrounding 
communities.
Samples were analysed with respect to various water quality parameters given in Section 
2.1.2. The raw data and average results on water quality parameters, as measured on each 
sampling round, can be found in Tables C.12 - C.14 (Appendix C).
The results of water quality parameters are discussed to show the variations of pollutant’s 
concentrations throughout CSTS and thus their removal rate. Moreover, the diurnal 
variations of the main water quality parameters (eg., SS, TS and BOD) are given, for 
each individual and also average site, to explain the effect of user patterns on solids and 
organic loading as these may be different from those in urban areas.
4.5.1 pH
pH was measured on-site at various sampling points and results are given in Table 4.9 
and Figure 4.7. The absence of data at Point VI for Site 2 was due to little or no water 
found at the end of the trench.
Chapter 4 -  Phase 1: Performance Evaluation of Existing Conventional
Septic Tank Systems and Proposed Designs
Table 4.9 pH at various sampling points for each septic tank system
Sampling
point PH Typical
(*>Site 1 Site 2 Site 3 Average
I 7.9 8.0 7.6 7.8 -
n 7.7 7.1 7.6 7.5 -
(i+iD 7.7 7.2 7.6 7.5 5 - 8
m 7.1 6.8 6.7 6.9 —
IV 7.1 6.9 6.8 6.9 -
V 7.4 7.3 7.3 7.3 6.0 - 8.5
VI 7.1 - 7.2 7.2 -
Note: (*) - The combined waste is compared with a pH range of 5-8 (Metcalf and Eddy Inc., 1991). The 
effluent pH is compared with a pH range of 6 - 8.5 (Geary 1992a). The calculation of (I+II) is the 
combined waste weighed accordingly to black and grey water flows, where pH(i+n)=(pHi 
xQb+pHnxQg)/(Qb+Qg), Qb = black water flow and Qg = grey water flow (L/d).
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Figure 4.7 Variations of pH for each septic tank system with respect to sampling points
pH levels, as compared to the typical literature values, indicate:
• At Points I and II, the black and grey water pH were almost in the same range for all 
three CSTS. At this stage, pH of influent wastewater was similar to that of water 
supply.
• As wastewater enters the septic tank, pH at Points III and IV decreased by 8%, 4% 
and 12% for Sites 1, 2 and 3, respectively. This is due to the anaerobic degradation 
taking place within the septic tanks, which produces organic acids as intermediate 
compounds. These organic acids tend to reduce the pH levels.
• After leaving the tank, the wastewater pH increased a little at Point V (4%, 6% and 7% 
for Sites 1, 2 and 3, respectively).
• In the soakage trenches, pH slightly decreased at Point VI of Sites 1 and 3 (4% and
1% ).
Generally, the pH values of the septic tank effluents were within the typical range of pH
6 - 8.5.
4 .5 .2  Temperature
During the first two months of sampling, air temperature varied from 35° to 45°C. This
contributed to high water temperature recorded at the selected sampling points. However,
lower air temperature range was then experienced between March and May 1996. The
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water temperature was measured 200-500 mm below the water surface. The results were 
averaged and given in Table 4.10 and Figure 4.8.
Table 4.10 Temperature at various sampling points for each septic tank system
Sam pling point Tem perature, °(
Optim um  range for 
bacterial activity
(*)
°CSite 1 Site 2 Site 3 Average
I 23.2 25.2 21.8 23.4 —
n 29.5 27.8 29.1 28.8 —
i+n 29.0 27.5 28.5 28.3 25-35
m 27.9 27.1 27.6 27.5 —
IV 28.5 27.0 27.6 27.7 —
V 28.4 27.6 27.0 27.7 —
VI 28.9 - 28.7 28.8 -
Note: (*) - The optimum range is adopted from Metcalf and Eddy Inc. (1991).
Figure 4.8 Variations of temperature for each septic tank system 
with respect to sampling points
The temperature data were compared with typical values discussed in Chapter 2. The 
following observations are noted:
• The grey water temperature is greater than that of black water for all three sites. This is 
due to the use of hot water in laundry, shower and kitchen.
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• As the wastewater enters the septic tank, the temperature seems to drop in the first 
chamber (Point ID), whereas, little or no change was observed at Points IV and V.
• At the end of the soakage trench (Point VI), an increase in wastewater temperature by 
approximately 1 °C was observed.
The results showed a temperature range of 27-29 °C which is within the typical values of 
25-35 °C required for optimum bacterial activities. Generally, the water temperatures are 
on the higher side and are expected to enhance the bacterial growth in the systems.
4.5.3 Turbidity
The turbidity was measured immediately after sampling. Measurements were taken either 
on site or in the laboratory, depending on the time of sampling. Overall results, as given 
in Table 4.11 and Figure 4.9, indicate:
• Black water exhibits higher turbidity than grey water. The black water turbidity can be 
caused by the discharged excreta and toilet paper and/or rags used in cleansing. 
Whereas, grey water turbidity is caused by the use of detergents, dirt discharged from 
the washing machines and food wastes from the kitchen sink.
• There was a reduction in the turbidity towards the effluent side of the septic tank 
(Points I to IV) and a sudden increase in the turbidity at the inlet of the soakage 
trenches (Point V) of all the three sites. Similarly, an increase of turbidity occurred at 
the end of the soakage trench for Sites 2 and 3, compared with a decrease for Site 1. 
The observed change can be caused by the disturbance during sampling as well as 
during the effluent disposal or it could be due to the growth of microorganisms in the 
soakage trenches.
• Generally, no typical values exist for turbidity in untreated wastewater.
Table 4.11 Turbidity at various sampling points for each septic tank system
Sampling point Turbidity, FTU
Site 1 Site 2 Site 3 Average
I 764 550 523 612
II 372 351 374 366
i+n 399 376 386 387
m 229 247 302 259
IV 209 217 198 208
V 393 249 284 309
VI 236 - 428 332
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Figure 4.9 Variations of turbidity for each septic tank system 
with respect to sampling points
4 .5 .4  Faecal coliforms
Faecal coliforms in the wastewater were measured at Points I, II, V and VI. During the 
testing procedure, occasional interference of other bacteria was observed because of the 
high temperature used for incubation. The samples at the selected points were analysed 
with several trials. The averaged results, based on triplicate testing at various dilutions for 
each sample, are given in Table 4.12 and Figure 4.10. The colony forming units obtained
were compared with typical faecal coliform concentrations of 106-108 cfu/lOOmL for 
untreated household effluent. Some of the observations drawn are as follows:
• The faecal contamination decreases towards the effluent side of the septic tank (Point 
V) for all sites. Thereafter, further removal appeared to continue with the exception of 
Site 3 which showed higher effluent contamination at the end of the soakage trench 
(Point VI). Generally, there is bacterial dieoff in the septic tank.
• Surprisingly, the tests on the black water showed lesser contamination than that of 
grey water. This may be due to the accumulation of bacteria in the grease trap (grease 
trap was used to collect grey water) and influent bacterial load at each plumbing 
fixture. Generally, despite the washing of the grease trap after each sampling time 
(every 4 hours), some residues remained in the grey water collection point. This was 
due to the limitation of submersible pump used in the pump out operations. On the
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other hand, the black water collection drum was removed from the hole, emptied after 
sampling and washed thoroughly before collecting the next sample. Higher faecal 
coliforms in the grey water may also be attributed to user habits in the shower block 
(eg., washing of nappies and clothes, etc.).
Overall, the faecal coliform in the influent and effluent are found to be within the typical 
values given in the literature.
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Table 4.12 Faecal coliform at various sampling points for each septic tank system
Sampling point Faecal coliform, cfu/lOOmL
Typical
(*)
Site 1 Site 2 Site 3 Average cfu/100mL
I 5.14 x 107 7.06 x 107 1.93 x 107 4.71 x 107 -
II 5.48 x 107 6.96 x 107 7.51 x 107 6.65 x 107 -
I+II 5.46 x 107 6.97 x 107 7.07 x 107 6.50 x 107 107- 1010
V 1.15 x 107 3.26 x 107 9.60 x 106 1.79 x 107 106- 10®
VI 4.00 x 106 - 1.22 x 107 8.11 x 106 -
Note: (*) The influent or combined waste (I+II) is compared with a typical range of 107 -101 0  cfu/lOOmL 
(Metcalf and Eddy Inc., 1991). Whereas, the effluent is compared with 106 -108  cfu/lOOmL (Geary, 1992a).
Figure 4.10 Variations of faecal coliform for each septic tank system 
with respect to sampling points
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4 .5 .5  Dissolved oxygen (DO)
As shown in Figure 4.11, very low levels of DO have been observed in the septic tanks 
as well as in the downstream sides. Table 4.13 indicates a higher DO for black water than 
that for grey water. Generally, the results showed an average DO of 2.3 and 0.7 mg/L for 
black and grey waters, respectively. This tends to decrease towards the downstream side 
making the aerobic biodegradation within the tank negligible. As expected, the 
predominant biological activity within the septic tanks is therefore anaerobic. Generally, 
all three sites exhibited similar patterns of DO variations.
Table 4.13 Dissolved oxygen at various sampling points for each septic tank system
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Sam pling point Dissolved oxygen, mg/L Typical
(*)
mg/LSite 1 Site 2 Site 3 A verage
I 2.1 2.2 2.5 2.3 —
II 0.4 0.5 1.1 0.7 _
I+II 0.5 0.8 1.2 0.8 —
III 0.3 0.2 0.1 0.2 0.5 - 6.0
IV 0.2 0.2 0.2 0.2 —
V 0.3 0.1 0.2 0.2 —
VI 0.2 - 0.0 0.1 -
Note: (*) The DO in wastewater within the tank (III and IV) is compared with a 
typical range of 0.5-6.0 mg/L (Winneberger, 1984).
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Figure 4.11 Variations of dissolved oxygen for each septic tank system 
with respect to sampling points
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4.5.6 Suspended solids (SS)
The SS results, given in Table 4.14 and Figure 4.12, indicate the following:
• Black water has higher SS than grey water. SS in the black water were due to excreta 
and toilet paper/rags whereas SS in the grey water were due to accumulated dirt/soil 
from washing machine discharge or food waste from the kitchen sink.
• Grey water contains a significant amount of SS. SS concentrations tend to increase 
after laundry discharges which contribute about 46%, 44% and 43% of the grey water 
flows at Sites 1, 2 and 3, respectively. Consequently, the grease traps (Points II) seem 
to contribute significantly to the overall removal of SS in CSTS, although its main role 
is to reduce oil and grease.
• High SS in grey water can be attributed to the life style of the user and the climate in 
the remote communities. The washing machines and showers would be expected to 
generate water with heavy loads of solids. The dust/solids are often found on clothes, 
sheets and blankets as householders often prefer outdoor activities (eg., sitting, 
sleeping or lying down on the ground). Beds and mattresses would be occasionally 
taken out from the houses and setup in the backyard area (in summer) where high 
exposure to dust and dirt are unavoidable. This scenario may be accentuated after long 
travel or involvement in camping (eg., sorry camp, or cultural ceremonies) where 
people return to their homes for taking shower.
• There was a reduction in the SS towards the downstream side of septic tanks (Points I 
to IV). However, a sudden increase at Point V (inlet of the trench) at all three sites was 
observed. This may be due to high water consumption and/or flow velocity which 
could have created disturbance and resuspension of solids in the soakage trenches. A 
similar observation was also noted in the turbidity (Section 4.5.3).
• SS reduction at Point VI continued with the exception of Site 3 where a sudden 
increase of SS was observed. This is similar to the observation noted in the turbidity 
(Section 4.5.3).
• Generally, SS had a similar variation as that of turbidity.
The SS in black water at all three sites exceeded the typical concentrations by 2 to 3.5 
times, and the effluent SS (at Point VI) of Site 3 was higher than the typical range of 40­
350 mg/L for untreated wastewater. High SS in the black water stream may be influenced 
by the high number of occupants, user habits and materials used for cleansing, or 
concentrations being generated at low flow rates. The high SS observed in the effluent 
could lead to clogging of the soakage trenches.
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Table 4.14 Suspended solids (SS) at various sampling points for each septic tank system
Sampling point Suspended solids, mg/L Typical(*)
Site 1 Site 2 Site 3 Average m g/L
I 992 1065 642 900 300
II 290 342 392 341 1-200
I+II 339 434 412 395 240 - 600
III 129 242 221 198 —
IV 104 115 84 101 —
V 206 121 109 145 40 - 350
VI 124 - 863 493 -
Note: (*) The black water SS is compared with a typical value of 300 mg/L (Laak, 1980). The combined 
waste is compared with a range of 240-600 mg/L for untreated wastes (Metcalf and Eddy Inc., 1991). 
Whereas, the effluent SS is compared with a typical range of 40-350 mg/L (Laak, 1980).
Figure 4.12 Variations of suspended solids for each septic tank system 
with respect to sampling points
The diurnal variations of the wastewater flow (average of all sites) and influent SS 
concentrations, for each individual and all 3 sites, are given in Figures 4.13 and 4.14, 
respectively. These will further explain the effect of the user patterns and influent flow 
rates on the observed SS.
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Figure 4.13 Diurnal variations of influent SS at each site
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Figure 4.14 Diurnal variations of average influent SS of all sites
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Figure 4.13 indicates the following:
• Between 5:00 am and 1:00 pm, the influent SS at all three sites closely follow the 
diurnal pattern of flow rates. Between 1:00 pm and 5:00 pm, SS concentrations 
decreased and wastewater flow rate increased. Similarly, when the wastewater flow 
decreased (between 5:00 pm and 9:00 pm), SS concentrations at all three sites 
increased, hence, the SS hourly variations (decrease or increase) could be due to 
dilution effect. However, the magnitude of diurnal variation in SS concentration is 
relatively less than the variation in wastewater flow.
• Surprisingly, between 1:00 am and 5:00 am (people were expected to be asleep), SS 
concentrations at Sites 2 and 3 were relatively high compared to Site 1. As the 
wastewater flow was at the lowest during this time, the high SS concentrations at these 
sites may be attributed to either the user patterns (eg., use of the toilet numerous times 
before flushing, visitors access to toilets) or accumulation of solids in the influent 
collection points. It should be noted, however, that the same procedures in sampling 
and washing of collection points were followed at all three sites.
Figure 4.14 indicates the following:
• The first peak of SS (436 mg/L) occurred between 9:00 am and 1:00 pm. This was 
encountered at wastewater generation rate of 60 L/hr. Between 1:00 pm and 5:00 pm 
lower SS concentrations (374 mg/L) were observed at a wastewater generation rate of 
68 L/h. A second peak of SS (416 mg/L) occurred between 5:00 pm and 9:00 pm at a 
wastewater generation rate of 56 L/h. Between 9:00 pm and 1:00 am, SS decreased to 
368 mg/L which is observed at wastewater generation of 32 L/h. These variations 
clearly indicate the impact of dilution on SS concentrations.
• Generally, the average influent SS concentration of all sites varied around 400 mg/L 
which is well within the influent SS typical range (240-600 mg/L). Hence, for all 
practical purposes it is reasonable to assume that the diurnal variation in SS 
concentration is insignificant.
4.5.7 Total solids (TS)
Similar to SS, the total solids (TS) were the highest for black water, although a 
significant decrease in TS concentration was observed towards the downstream side of 
the septic tank, Table 4.15 indicates high TS concentrations throughout the CSTS. This 
can partly be attributed to the high salt content present in the potable water, which was 
confirmed by testing. Generally, Figure 4.15 shows that the total solids concentrations 
exceed the typical range for untreated sewage of 350-1200 mg/L at all selected points.
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However, it should be noted that the contribution of total solids in potable water was 
about 802 mg/L, which is expected for groundwater source. Generally, TS level was 
found to be high and may have some implications on the thickening of the biocrust in the 
soakage trenches, which may lead to clogging of the soakage trenches.
Table 4.15 Total solids (TS) at various sampling points for each septic tank system
Sampling point Total solids, mg/L Typical(*)
mg/L
W ater supply 
contribution as 
measured
mg/LSite 1 Site 2 Site 3 Average
I 3278 2897 2297 2824 — —
II 1817 1879 2409 2035 — —
I+II 1920 2008 2400 2109 350- 1200 802
III 1682 1668 1712 1687 — —
IV 1670 1550 1560 1593 — —
V 1741 1500 1552 1598 — -
VI 1625 - 2001 1813 - -
Note: (*) The TS of the combined wastes (I+II) is compared with a typical range of 350-1200 mg/L for
untreated wastes (Metcalf and Eddy Inc., 1991).
Figure 4.15 Variations of total solids for each septic tank system 
with respect to sampling points
The diurnal variations of the wastewater flow (average of all sites) and influent TS 
concentrations, for each individual and all 3 sites, are given in Figures 4.16 and 4.17, 
respectively.
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Figure 4.17 Diurnal variations of average influent TS of all sites
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The diurnal variations of TS, as given in Figure 4.16, confirm the observations made in 
SS concentration in Section 4.5.6. The average influent TS of all sites, as given in Figure 
4.17, was outside the influent TS typical range (350-1200 mg/L).
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4 .5 .8  Dissolved solids (DS)
Dissolved solids are obtained by subtracting the suspended solids (SS) concentration 
from the total solids (TS) concentration. The average DS concentrations are presented in 
Table 4.16. There appears to be some reduction of DS along the various stages of CSTS. 
As shown in Figure 4.18, the combined effluent DS exceeded the typical range of 250­
850 mg/L for untreated household effluent. This can be attributed to the raw water 
quality, where a DS of 800 mg/L was observed, and/or the use of detergents. Similar to 
TS, the presence of DS may contribute in the biocrust thickening which may in turn 
increase the clogging potential of the soakage trenches.
Table 4.16 Dissolved solids (DS) at various sampling points for each septic tank system
Sam pling point D issolved solids, mg/L
Typical
(*)
m g/L
W ater supply  
contribution as 
m easured  
mg/LSite  1 S ite 2 Site 3 A verage
I 2240 1832 1655 1909 - —
II 1519 1537 2017 1691 - —
I+II 1570 1574 1988 1711 250 - 850 800
m 1558 1425 1491 1492 - -
IV 1560 1435 1476 1490 - —
V 1517 1379 1443 1446 - -
VI 1485 - 958 1222 —
Note: (*) The DS of the combined wastes (I+II) is compared with a typical range of 250-850 mg/L for
untreated wastes (Metcalf and Eddy Inc., 1991).
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Figure 4.18 Variations of dissolved solids for each septic tank system 
with respect to sampling points
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4.5.9 Biochemical oxygen demand (BOD5)
The BOD5 results depend on the water consumption, family size/diet and the possibility 
of people using the pit toilet instead of the water closet. The results given in Table 4.17 
and Figure 4.19 indicate:
• The BOD5 concentration of black water was higher than that of grey water with the 
exception of Site 3. Generally, the BOD5 in black water was found to be above the 
typical value of 300 mg/L which indicates that black water with a high concentration of 
organic waste was generated by the householders and/or visitors, or may have resulted 
from some interference in the measurement. This interference is often caused by 
nitrogenous demand (Standard Methods, 1995), where oxygen is consumed in the 
oxidation of reduced forms of nitrogen (ammonia and organic nitrogen). The 
nitrogenous demand is often caused by the use of disinfectant. Alternatively, user may 
not flush their toilet after each use, thus making the influent samples highly 
concentrated.
• With the exception of Site 3, BOD5 of grey water appears to be within the typical 
literature range of 200-700 mg/L.
• A BOD5 range of 556-746 mg/L for the combined wastewater or the septic tank 
influent (I+II) was observed. This appears to be higher than the typical literature range 
of 216-540 mg/L for untreated sewage. The effluent BOD5 seems to be within the 
typical literature range of 90-384 mg/L.
• In the first chamber of each septic tank (Point IE), there is a reduction of 22%, 35%, 
and 36% in BOD5 at Sites 1 , 2 and 3, respectively. This was followed by a further 
slight reduction of 22%, 1 % and 13% in the second compartment (Point IV) at Sites 1, 
2 and 3, respectively.
• There was further reduction of 17% and 46% in BOD5 in the case of Sites 2 and 3, 
respectively, between Points IV and V. However, in the case of Site 1, a slight 
increase in BOD5 was observed at Point V compared to Point IV.
• A considerable reduction in BOD5 towards the end of the soakage trench (Point VI) 
was observed, this accounted to about 62% and 24% for Sites 1 and 3, respectively. 
The absence of data at Point VI of Site 2 was due to little or no water found for 
sampling at that collection point.
As shown in Figure 4.19, the reduction of BOD5 along the sampling points within the 
septic tank system is noticeable. However, the influent generally appears to have high 
BOD5 concentration, which indicates the presence of large amount of organic matter in the 
raw wastewater and the effluent seems to contain significant amounts of BOD5. This high
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BOD5 concentration could lead to an increase in bacterial activity within the soakage 
trenches resulting in biological sludge which in turn can lead to clogging of the soakage 
trenches.
Table 4.17 Biochemical oxygen demand (BOD5) at various sampling 
points for each septic tank system
Sam pling poin t Biochem ical oxygen dem and, mg/L Typical(*)
m g/LSite 1 Site 2 Site 3 A verage
I 934 865 460 753 300
II 528 698 771 666 200 - 700
I+II 556 719 746 674 216 - 540
III 432 466 475 458 -
IV 337 462 412 404 -
V 380 384 223 329 90 - 384
VI 146 - 169 158 -
Note: (*) The Biochemical Oxygen Demand (BOD5 ) of the black (I) and grey (II) waters are compared 
with 300 and 200-700 mg/L typical value and range, respectively (Laak, 1980). Whereas, the combined 
waste (I+D) is compared with a typical range of 216-540 for untreated wastes (Metcalf and Eddy Inc., 
1991).
Figure 4.19 Variations of BOD5 for each septic tank system 
with respect to sampling points
The diurnal variations of the wastewater flow (average of all sites) and influent BOD 
concentrations, for each individual and all 3 sites, are given in Figures 4.20 and 4.21,
respectively.
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Figure 4.21 Diurnal variations of average influent BOD of all sites
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Figure 4.20 indicates the following:
• An increase in wastewater flow rate may be associated with an increase or decrease in 
influent BOD concentrations.
• Surprisingly, between 1:00 am and 5:00 am (people were expected to be asleep), BOD 
concentrations at Site 2 was relatively high compared to Sites 1 and 3. The wastewater 
flow was at the lowest during this time and influent had the highest concentrations of 
BOD (1435 mg/L), SS (851 mg/L) and TS (3719 mg/L). Again, this may be attributed 
to either user patterns or accumulation of solids in the influent collection points as 
described earlier.
Figure 4.21 indicates the following:
• The first peak of BOD (669 mg/L) occurred between 9:00 am and 1:00 pm. This was 
encountered at a wastewater generation rate of 60 L/hr. Between 1:00 pm and 5:00 pm 
lower BOD concentrations (611 mg/L) were observed at a wastewater generation rate 
of 68 L/h. A second peak of BOD (654 mg/L) occurred between 5:00 pm and 9:00 pm 
at a wastewater generation rate of 56 L/h. Between 9:00 pm and 1:00 am, BOD 
decreased to 437 mg/L which is observed at wastewater generation of 32 L/h. The 
overall average BOD pattern was similar to those of SS and TS and therefore, 
indicating the impact of dilution on BOD concentrations.
• The BOD concentrations observed after 5:00 pm appeared to show significant 
variations compared with the morning and afternoon concentrations where BOD 
appears to be almost constant. Thus it could be stated that the samples for determining 
BOD concentration should preferably be collected either in the morning or afternoon.
4 .5 .1 0  Chemical oxygen dem and (COD)
As expected, the COD concentrations at various points are found to be higher than the 
BOD5. The results are averaged and given in Table 4.18. By comparing the collected data 
in Tables 4.17 and 4.18, a correlation between COD and BOD5 can be found as follows:
COD = R.BOD5 (4'5>
where,
R is a multiplication factor, whose value was found to vary from 1.5 to 2.8.
The range of the constant “R” appears to be higher than that typically reported for 
domestic wastewater (Section 2.1.2) indicating that the monitored wastewater contains 
relatively high quantities of organic matter which are difficult to degrade biologically.
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This implies that some of the detergents and other cleaning agents used in the community 
are not easily biodegradable.
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Table 4.18 Chemical oxygen demand (COD) at various sampling points
for each septic tank system
Sam pling po in t Chemical oxygen demand, mg/L Typical
(* )
mg/LSite 1 Site 2 Site 3 A verage
I 2659 2046 1708 2138 900
n 1097 1281 1314 1231 300 - 1400
i+n 1207 1378 1345 1310 250 - 1000
m 939 941 1235 1038 —
IV 772 802 698 758 -
V 891 711 542 715 150 - 720
VI 440 - 251 346 -
Note: (*) - COD of the black (I) and grey (II) waters are compared with 900 and 300- 1400 mg/L typical 
value and range respectively, (Laak, 1980). Whereas, the combined wastewater (I+II) is compared with a 
typical range of 250-1000 mg/L for untreated waste (Metcalf and Eddy Inc., 1991). The effluent COD at 
Point V is compared with a range of 150-720 mg/L observed for septic tank effluent (Laak, 1980).
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Figure 4.22 Variations of chemical oxygen demand (COD) for each septic tank system
with respect to sampling points
Some of the interpretations which can be drawn from the results are:
• Similar to BOD5, the COD concentrations in black water were higher than that of grey 
water. The reasons could be similar to those mentioned in Section 4.5.9.
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•  COD for grey water appears to be within the typical literature values of 300-1400 
mg/L.
• A COD range of 1207-1345 mg/L for the combined wastewater or the septic tank 
influent (M l) was obtained. This appears to be higher than the typical literature range 
of 250-1000 mg/L for untreated sewage.
• In the first chamber of each septic tank (Point III), COD showed a reduction of 22%, 
32%, and 8% compared with the combined influent (I+II). This was followed by 
another significant reduction of 18%, 15% and 44% in the second compartment (Point 
IV) at Sites 1,2 and 3, respectively.
• There was a further reduction of 12% and 23% of COD in the case of Sites 2 and 3, 
respectively, between Points IV and V. However, a slight increase in COD at Point V 
compared to Point IV was noticed at Site 1. Similar observation was noted for BOD5 
as well (Section 4.5.9).
• A considerable COD reduction towards the end of the soakage trench (Point VI) was 
observed, this accounted to about 51% and 54% for Sites 1 and 3. The absence of data 
at Point VI of Site 2 was due to litde or no water found to sample at that collection 
point.
As shown in Figure 4.22, reduction of COD along the downstream side of the septic tank 
is noticeable. This reduction appears to be significant at Site 3, where 44% of COD was 
removed in the first compartment. This may, however, be due to the decrease of 
wastewater flow as occupants left the house (population mobility) and the wastewater 
was being generated by occasional visitors. Once again, the COD concentrations of the 
wastewater within the soakage trenches are high and can contribute to the clogging of the 
disposal area as explained in Section 4.5.9.
4.5.11 Nitrogen compounds
i) Nitrite-Nitrogen (NO - N)
Generally, the majority of nitrogen in septic tank influent is in the form of ammonia or 
organic nitrogen. Within the septic tank, due to biological action, ammonia nitrogen is 
converted into nitrite nitrogen which in turn is nitrified along the downstream side of the
septic tank.
The nitrite-nitrogen concentrations presented in Table 4.19 at various points are found to 
be high and exceed the typical value of 1 mg/L normally found in wastewater. In
addition, Figure 4.23 shows fluctuations in NO 2 - N concentrations. Nitrite appears to be
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at the highest concentration in the first compartment with its concentration reducing 
towards the downstream side. The following observations are made:
• The nitrite concentrations in the black water are generally higher than that of grey water 
with the exception of Site 1. This is due to the presence of urine in the black water.
•  Due to the high nitrite-nitrogen concentrations throughout CSTS, the effluent may 
cause health hazards if the wastewater reached the water supply system.
Table 4.19 Nitrite-Nitrogen (NO - N) at various sampling points 
for each septic tank system
Sampling point Nitrite-nitrogen (NO 2 - N), mg/L
Typical
(*>
mg/LSite 1 Site 2 Site 3 Average
I 9.0 12.9 14.4 12.1 -
II 13.7 10.7 13.7 12.7 -
I+II 13.4 10.9 13.7 12.7 1.0
m 17.4 16.3 14.8 16.2 -
IV 17.3 16.7 13.8 15.9 -
V 12.9 12.1 5.6 10.2 -
VI 6.1 - 2.3 4.2 -
Note: * - NO 2 - N of the combined wastes (I+II) is compared with 1.0 mg/L 
(Metcalf and Eddy Inc., 1991).
Figure 4.23 Variations of Nitrite-Nitrogen (N0 '2 - N) for each septic tank system
with respect to sampling points
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ii) Nitrate-Nitrogen (NO 3 - N)
The Nitrate-Nitrogen concentrations are presented in Table 4.20. The nitrification does 
not appear prominent due to insufficient aeration in the septic tanks. However, as high 
nitrite concentrations were observed, further nitrification is expected in the aerobic 
environment when the wastewater percolates through the soil pores. For this reason, 
higher nitrate levels in groundwater may be expected. However, testing of selected 
samples from both consumer taps and bores showed that the nitrate concentrations are 
within the acceptable limit for human consumption.
As discussed in Chapter 2, the nitrate concentrations are expected to vary between 0 and
15 mg/L. Generally, fluctuations in NO 3 - N concentrations were significant as shown in 
Figure 4.24, but there was no increase towards the effluent side of the septic tank.
Instead, a decrease of NO"3 - N is observed, indicating the occurrence of denitrification 
(biological process by which NO 3 - N is converted to N2 gas). The influent and effluent
concentrations of NO'3 - N at Site 3 were generally lower than those observed at Sites 1 
and 2. This may be due to the lack of oxygen, lower wastewater flow rates and high 
influent concentrations observed at Site 3.
Similar to other parameters, the nitrate in black water was observed to be higher than that 
of grey water. However, nitrate concentrations tend to increase by further oxidisation of
NO 2 - N and NH3 into NO 3 - N as the effluent percolates through the soil pores. 
Therefore, frequent testing of the nitrate levels in drinking water is important to avoid 
occasional health effects on the consumer.
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Table 4.20 Nitrate-Nitrogen (NO - N) at various sampling points 
for each septic tank system
Sampling point Nitrate-nitrogen (NO’3 - N), mg/L Typical(*)
mg/LSite 1 Site 2 Site 3 Average
I 6.6 11.4 8.5 8.8 -
n 6.7 5.9 3.2 5.3 -
i+ii 7 7 4 6 —
m 8.0 3.5 0.9 4.1 -
IV 9.5 6.0 0.0 5.2 -
V 1.6 2.8 0.3 1.6 0 -  15
VI 2.4 - 0.0 1.2 -
Note: (*) The effluent NO" 3 - N concentration is compared with 0-15 mg/L 
typical range (Metcalf and Eddy Inc., 1991).
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Figure 4.24 Variations of Nitrate-Nitrogen (N0"3- N) for each septic tank system
with respect to sampling points
4 .5 .1 2  Surfactants
The surfactant measurements and variations at various points are presented in Table 4.21 
and Figure 4.25. These show a reduction in concentration levels within the septic tank 
(between Points III and IV) at Sites 2 and 3, whereas, at Site 1, a small increase was 
observed in the second chamber of the septic tank (Point IV). As the wastewater leaves 
the tanks, a reduction of pollutant level seemed to be expected towards the end of the 
soakage trench, however, a sudden increase was observed at Point VI of Site 1. This may 
be caused by the escape of bubbles and other floating materials into the soakage trench or 
the presence of accumulated detergent in the soakage trenches.
Generally, surfactant levels appeared to be low, as such no major effects on the septic 
tanks or soakage trenches are expected.
Table 4.21 Surfactant at various sampling points for each septic tank system
Sam pling p oin t Surfactant, mg/L
Site 1 Site 2 S ite 3 A verage
I
II 0.16 0.21 0.26 0.21
I+II 0.16 0.21 0.26 0.21
III 0.13 0.19 0.31 0.21
IV 0.14 0.18 0.18 0.17
V 0.10 0.17 0.18 0.15
VI 0.14 - 0.17 0.16
Note: - Not applicable.
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with respect to sampling points
4.5 .13  Oil
The concentrations of oil at various sampling points are given in Table 4.22 and Figure 
4.26. Overall, the results indicate high oil concentrations in the grease trap (Point II) and 
the first compartment of the septic tank (Point El). The high concentration at Point IH was 
expected due to the contribution of oil in the influent black water (not quantified here) 
and/or the contribution of scum within the septic tank. Generally, to quantify oil content 
in wastewater, the testing procedure involves preparation of a 25 mL sample. This was 
not successfully achieved in the case of black water due to coagulation of particles 
immediately after adding the chemicals thus preventing the wastewater/chemical 
separation process. Subsequently the volume required to measure the oil concentration 
could not be obtained.
Table 4.22 Oil at various sampling points for each septic tank system
Sam pling point Oil, m g/L
Site 1 Site 2 S ite 3 A verage
I NM NM NM NM
n 14.9 16.8 29.4 20.4
m 16.4 35.0 26.7 26.0
IV 11.7 32.8 11.5 18.7
V 14.3 32.0 11.0 19.1
VI 15.1 - 1.3 7.6
Note: NM - Not measured.
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Figure 4.26 Variations of oil for each septic tank system with respect to sampling points
As shown in Figure 4.26, the compartmentalisation seems to be effective in reducing the 
amount of oil in water. This is evidenced by comparing concentrations at Points III and 
IV. There is a general decrease in the oil concentration on the downstream side of the 
septic tank, with the exception of Site 1 where the oil levels remained almost constant 
throughout the CSTS. In the case of Site 3, the oil concentration progressively decreased 
towards the downstream side of the septic tank. Thus, indicating a substantial removal of 
oil at different stages.
Although effluent with a similar concentration is currently allowed for open discharge in 
NSW (ocean outfalls), the absorption of this effluent by a land-application system may be 
impaired. High oil concentration may accelerate development of the slime layer at the 
water-soil interface, which in turn may clog the soil pores. Consequently, further 
treatment of effluent prior to its application into the soakage trenches would be beneficial.
4.6 Evaluation of Soakage Trenches Performance
4.6.1 Depth of wastewater ponding
Wastewater depths were measured at various sampling points on each sampling day. 
These were averaged and presented in Table 4.23 and Figure 4.27. The results showed a 
significant ponding in the trenches at Sites 1 and 3. Whereas, at Site 2, the end of the 
trench was found to be dry. This may be attributed to the soil type, wastewater quantity 
and quality, age of the trench, population mobility and number of trenches.
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The variations of wastewater depths in the soakage trenches with respect to tune indicate a 
gradually increasing trend of ponding at Sites 1 and 2 as shown in Figures 4.28 and 
4.29, respectively. This is primarily due to high wastewater loading rates (Section 4.6.4). 
The accumulated wastewater is expected to backflow or surface once the soakage trenches 
become full. However, at Site 3, as shown in Figure 4.30, the wastewater depth in the 
soakage trench increased between December 1995 and April 1996. After April 1996, the 
wastewater depth started decreasing and eventually reached zero, as the house became 
unoccupied most of the time. As a result, the wastewater loading rates reduced drastically 
and the wastewater seems to have infiltrated into the ground without any ponding.
Table 4.23 Wastewater depths at various sampling points for each system
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Sampling point Wastewater depth, mm
Site 1 Site 2 Site 3 Average
III 1207 1025 1194 1142
IV 1213 1031 1209 1151
V 194 119 36 116
VI 236 0 139 125
Figure 4.27 Variations of wastewater level for each septic tank system with
respect to sampling points
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Figure 4.28 Ponding of wastewater at inlet (Point V) 
and end (Point VI) of the soakage trench at Site 1
Date o f measurement
Figure 4.29 Ponding of wastewater at inlet (Point V) 
and end (Point VI) of the soakage trench at Site 2
and end (Point VI) of the soakage trench at Site 3
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4 .6 .2 Long-term acceptance rate (LTAR)
The LTAR of all three sites were determined using the soil permeability given in Table 
4.2. LTAR was then used to evaluate the disposal area requirements and the performance 
of the soakage trenches under fluctuating wastewater loading rates. The calculations are 
based on the Australian Standard (AS 1547, 1994) and the results are given in Table 
4.24.
Generally, wastewater loading rates above LTAR are observed to be accompanied by 
ponding of wastewater in the soakage trenches. This is clearly evident by comparing the 
variations of wastewater loading shown in Figures 4.31 - 4.33 with the depths of 
wastewater ponding shown in Figures 4.28 - 4.30.
4.6.3 Size of the disposal area
The required disposal area was determined by dividing the average wastewater flow by 
LTAR (Table 4.24). This was compared with the existing disposal areas to assess if the 
disposal areas were undersized. The results showed that the disposal area should be 
increased by 1.6 and 1.4 times for Sites 1 and 2, respectively, whereas, for Site 3, the 
disposal area required was less than the existing one due to little or no wastewater loading 
during April and May 1996 (vacant occupancy/population mobility). It should be noted, 
that in each of the two occasions where wastewater loading rates were higher than LTAR 
(Figure 4.33), Site 3 exhibited ponding of wastewater in the soakage trench (Figure 
4.30). Therefore, it can be concluded that the disposal areas at the selected sites are 
undersized for the applied wastewater loading rates.
4.6.4 Wastewater loading rates
The wastewater loading rates into the disposal area was determined by dividing the 
wastewater generated by the actual wet area of the soakage trenches. The average and 
maximum values of these loading rates, as given in Table 4.25, clearly show that the 
applied wastewater loading rates exceed the corresponding LTAR by 1.5 to 5 times.
The maximum wastewater loading rates applied are found to be 82, 103 and 52 L/m2.d 
for Sites 1, 2 and 3, respectively, which exceeds the soil absorption capability or LTAR. 
Septic tank effluent disposal fields in both Australia and the United States were reported
to clog at lower wastewater loading rates of 10 and 25 L/m2.d for clays and sand 
respectively (Geary, 1992b). Moreover, daily variations shown in Figures 4.31 to 4.33, 
show that wastewater loading rates into the disposal areas appeared to be in the high range 
compared with LTAR. The number of times the wastewater loading rates exceeded LTAR
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was estimated at 45 (out of 65), 40 (out of 60) and 2 (out of 63) times for Sites 1, 2 and 
3, respectively (Table 4.24). These correspond to 70%, 67% and 3% of the total number 
of flow monitoring days at Sites 1,2 and 3, respectively. Overall, the results showed that 
the effluent discharged into the soakage trenches has high hydraulic, organic and solids 
loadings, which explain the ponding and/or clogging in the soakage trench particularly at 
Site 1.
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Table 4.24 Calculations of LTAR, disposal area and loading rate
Parameter Site
1 2 3
LTAR
Soil permeability as found in the laboratory, m/d 0.275 0.552 3.54
LTAR (determined by using Figure 2.14 (Section 2.4.1.5) 
and the soil permeability "k" calculated in the laboratory
(Section 4.2.2), L/m2.d. 18 24.5 43
Existing disposal area
Number of trench (n) 1 2* 1
Width of trench (Wt), m 0.6 0.6 0.6
Allowance for depth of wetted walls (dw), m
=2x1/2 x depth of the trench = 2xl/2x0.6 0.6 0.6 0.6
Length of existing trench (L), m 27.45 17.30 28.2
Actual area available for disposal area [Aw = nL(Wt +dw)], m2 33 42 34
Required disposal area
Average wastewater flow from meter reading (Qav), L/d 939 1469 455
Range of wastewater loading rates (Qav/Aw) , L/m2.d. 0-82 0-103 0-52
Average wastewater loading rate (Q/Aw )av, L/m2.d. 28 34 13
Required disposal area (Areq= Qav/LTAR), m2 52 60 11
Length of trenches [Areq/(Wt+dw)], m 43 50 9
Number of occurrences when actual wastewater loading rate
exceeded LTAR 45 40 2**
Note: * - During the sampling at Site 2, it was noted that collection point at inlet of the first trench is 
almost empty, caused by poor diversion of influent where most of the wastewater seems to enter the 
second trench only. ** - Vacant occupancy evidenced by flow meter readings and the number of wastewater 
samples (a total of 42 samples was collected from Site 3 compared with 90 and 64 samples for Sites 1 and 
2, respectively).
Table 4.25 Comparison of actual wastewater loading rates and LTAR
Parameter Site 1 Site 2 Site 3 Average
Wastewater loading rate, L/m2-d
Percentile values
90 53 57 33 48
85 48 48 26 41
50 25 37 10 24
Minimum O 0 0 0
Average 28 34 13 25
Maximum 82 103 52 79
Long-term effluent acceptance rate
(LTAR), L/m2.d 18 24.5 43 29
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Figure 4.33 Wastewater loading rate and LTAR at Site 3
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4 .6 .5  Biocrust build up
As there was a significant amount of suspended solids and BOD5 discharged into the 
soakage trenches, a thick biocrust is expected to develop. As such, failure of the soakage 
trenches is likely to occur at all three sites. However, when the flow into the soakage 
trenches decreases, the biocrust begins to die and shrink in size as discussed in Section 
2.4.3. This may be the case at Site 3, where there was little flow between April and May 
1996. As a result of the resting period of the soakage trench, a partial recovery of the 
infiltrative capacity at Site 3 took place. Based on the flow measurement data, wastewater 
depths at Point VI (Figure 4.30) and the actual inspection of the trench at Site 3 (Plate 
4.1), intermittent application of effluent appears to be beneficial.
C hapter 4  - Phase 1: Perform ance E valuation  o f  E x is tin g  C o n v e n tio n a l
S ep tic  Tank S ystem s and P roposed  D esigns
Plate 4.1 Partial recovery of soil infiltrative capacity after 
one month resting period at Site 3
4 .7  G roundw ater Contam ination
4 .7 .1  Bore water testing
Three bores were tested to assess possible contamination of groundwater by the septic 
tank effluent. The results, given in Table 4.26, indicate that the groundwater in MD-13 
bore well, located in the community area at a distance less than 50 m from a nearby house 
contains faecal coliform. As the percolation in this area was found to be high, there is a 
possibility of faecal contamination by the discharge of septic tank effluent on site. In fact,
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this contamination had been previously detected and since then the bore was put out of 
use. Another bore, MD-08, showed a negligible contamination of 2 cfu/100mL. Whereas, 
the third bore, MD-09, did not show any sign of contamination. It should be noted that 
the bores MD-08 and MD-09, currently being used for water supply, are located away 
from the community. However, with these results, no definite conclusion can be drawn 
on groundwater contamination as this will require further research and detailed 
investigation.
Table 4.26 Testing of groundwater
Bore
Approximate 
distance 
from nearest 
CSTS
Test
Date
Faecal
coliform
cfu/100mL
pH
Temp.
°C
Nitrate as
n o ' 3 - n
mg/L
MD-13* < 50m 14.05.96 44 7.5 24 5.4
**
MD-09 3km 14.05.96 0 7.8 25 5.4
***
MD-08 5km 14.05.96 2 7.4 25 6.3
Note: * - The bore is located within the community behind Besser Block house and was previously 
reported for contamination, and is not being used for water supply. ** - This bore well is currently used 
for water supply and is located outside the community near the old garden house (0.1 L/s, depth = 32 m 
and water level = 27 m). *** - This bore well is located further out from the community and is 
currently used for water supply (0.3 L/s, depth = 18.3 m and water level = 14.3 m).
4 .7 .2  Quality of drinking water
Grab samples of drinking water were collected from consumer taps at random and 
analysed for levels of nitrate, nitrite, turbidity and dissolved solids. The physico-chemical 
characteristics of the water supplied to the Pipalyatjara community are given in Table 
4.27. These characteristics appear to meet the Australian drinking water guidelines 
specified by NHMRC (1996).
Table 4.27 Physico-chemical quality of tap water
Parameter
Pollutants
level
measured
Australian guidelines for 
drinking water quality 
(NHMRC, 1996)
Nitrate-nitrogen (NO 3 - N), mg/L 6.4 Not greater than 10
Nitrite-nitrogen (NO 2 - N), mg/L 0.3 Not to exceed 1
Turbidity, FTU 2 Less than 5
Total dissolved solids, mg/L 800 500-1000
Note: Sample source is the consumer tap at Site 1.
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The microbiological quality of the drinking water, given in Table 4.28, show that the 
drinking water contained significant amount of faecal coliform before chlorination. 
However, immediately after chlorinating the reservoir water, no faecal coliforms were 
detected. But, the samples taken after 1 month from the time of chlorination showed the 
presence of faecal coliforms. This indicates that the reservoir water should be 
continuously chlorinated in order to eliminate the faecal coliforms contamination in the 
drinking water. Generally, with the absence of regular microbiological testing of bore 
water (preferably once per week), the reservoir should be adequately dosed with chlorine 
in order to achieve a residual disinfectant level of 0.2 to 0.5 mg/L in the distribution 
system. This residual should be tested daily to check the effectiveness of the disinfection 
system (NHMRC, 1996). It should be noted that the faecal coliform detected in the 
drinking water may be coming from bird or other animal droppings or may be due to 
bacterial film developed within the reservoir and distribution system. As such, the 
bacterial contamination in drinking water, although present, cannot be directly related to 
CSTS. Once again, further research is needed to assess the impact of effluent discharge 
on groundwater quality.
Table 4.28 Microbiological quality of tap water
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Date of 
analysis
Faecal coliform 
cfu/100mL
Sample source 
Pipalyatjara community 
or
(otherwise specified)
Remarks
21.3.96 30 Consumer tap at Site 3
26.3.96 390 Power house, kitchen sink
27.3.96 104 Power house, kitchen sink Before chlorination
28 - 29.3.96 110 (total coliform)* Consumer tap (Pipalyatjara)
2.4.96 33
Consumer tap (Kalka 
community)
2.4.96 0 Power house, kitchen sink
After chlorination, one 
time dosage: 1.5 to 4 
mg of calcium 
hvDochlorite per litre
9.5.96 197 Consumer tap at Site 2
After one month from 
the time chlorine was 
dosed.
Note: * - The result is reported as total coliform by the Power and Water Authority, Alice Springs.
4 . 8  Proposed Designs for Wastewater Treatment and Disposal
The main problems associated with existing CSTS designs are clogging of the soakage 
trenches and the potential for groundwater contamination. These problems can be overcome 
by improving the current design or by developing a new design of septic tank in order to 
provide better effluent quality. The development of an appropriate sanitation method should
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be examined either by monitoring a full scale trial system or based on the experience from a 
similar unit in surrounding communities. In this work, three new designs are proposed while 
considering the following aspects:
• Minimum capital, operation and maintenance costs,
• easy production, transportation and installation (or retrofitting) of septic tank systems,
• long service life,
•  efficient, reliable and trouble-free operation,
• capable of handling large fluctuations in quantity and quality of wastewater,
• minimum attention from residents,
• minimum environmental effects, and
• no health risks.
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4.8.1 Design criteria
Design Population. Through the surveys conducted between November 1995 and 
May 1996 in the Pipalyatjara community an average population of 10.6 per household 
was determined. While this may be simply adopted as the design load in future septic 
tanks installations, it is likely to suggest the need for larger septic tanks. The installation 
of large septic tanks would be associated with high costs and difficulties as they require 
heavy machinery which may not be affordable/available within the remote communities. 
As such, the standard design population of 6 per household, as specified by SAHC 
(1995), can also be used provided the septic tank effluent is further treated before being 
discharged into the soakage trenches.
Design flow rate. A design wastewater flow rate of 152 L/capita.d can be adopted (see 
Section 4.4 for details).
Wastewater detention time. SAHC (1995) has recommended the use of one day as 
wastewater detention time in septic tanks. However, several overseas countries have 
reported the use of 2-10 days of wastewater detention time in CSTS related applications 
(eg., Germany and France: 5-10, Switzerland: 3-4, United Kingdom: 2-4 and USA: 2-3 
days (Polprasert et al., 1982)). Considering these ranges have been suggested for cold 
climate, a minimum of two days detention time is proposed for the arid climate prevailing 
in Central Australia. This can also provide the required factor of safety against 
overloading of the septic tanks.
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Desludging frequency. For single and multiple residential dwellings, SAHC (1995) 
has specified 4 years of desludging frequency and Victoria EPA (1990) has specified 3 
years of desludging frequency for septic tanks. Due to the limitation of handling facilities 
required for installation of large septic tanks and the need for regular maintenance in 
remote Aboriginal communities, a maximum of one year desludging frequency is 
suggested.
Wastewater loading rates for soakage trenches. As discussed in Section 4.6.4, 
currently installed soakage trenches are overloaded by 1.5-5 times the respective LTAR 
values, which is likely to cause ponding in the soakage trenches. The literature showed 
that the permeability of soil, using different methods, may vary significantly. Different 
permeability values will result in different LTAR being estimated for the same soil. 
Consequently, this will reflect in the sizing of the disposal area. The design of the 
disposal area, therefore, must allow additional land or reserve area to be available and the 
installation of end risers in soakage trenches. This will allow future upgrade of the 
disposal area (if needed) and monitoring of ponding of wastewater in the soakage 
trenches.
Capacity calculations. The capacities of septic tanks for residential properties with 
different populations can be computed as in Table 2.5 (Section 2.3.2). Generally, the 
capacity of a septic tank, is calculated by summing up the volume required for the sludge 
accumulation and wastewater detention. A sample calculation for a design population of 
10.6 and 2 day liquid detention time is given below:
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Tank capacity = (2d assumed detention time) x (85th percentile flow, L/d) +
(sludge and storage space, L)
where,
Family size: design population
Design flow, L/capita.d
Wastewater generated, L/d
Wastewater detention time, days
Volume required for wastewater detention, L
Volume of scum and sludge accumulated in one year, L
Required volume for both wastewater and sludge, L
Total tank capacity including freeboard, L
10.6
152
10.6x152=1604
2
1604 x 2 = 3208 
10.6x1x80 = 848 
3208 + 848 = 4056 
4300
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Overall, the desludging frequency used in sizing a septic tank should take into account the 
credibility of the maintenance operations and the availability of the services in the 
community. In some circumstances (eg., tanker service is not reliable), septic tank 
capacity may be ideally sized on the basis of 1 d detention time and 4 years desludging 
frequency.
Disposal area, distribution chamber and system venting. The site assessment 
criteria, design and construction of the effluent disposal systems of the proposed designs 
are similar to those identified in Section 7 of the local code (SAHC, 1995). The system 
venting is as specified in Section 8 of the local code (SAHC, 1995) with an additional 
venting system in the aerobic filter and end of the soakage trenches. The inlet and outlet 
vents of the soakage trenches should be positioned with inspection shafts finished with a 
threaded access cap to allow monitoring.
Overall, a design criteria for calculating the modified dimensions of septic tanks is given 
in Table 4.29. Although the design wastewater flow rate (152 L/capita.d) is found to be in 
agreement with the one adopted by the current local codes (150 L/capita.d), the SAHC 
(1995) do not consider higher population load or longer detention time in sizing the tank 
for individual households.
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Table 4.29 Design criteria for remote Aboriginal communities
Design Parameter Design criteria
Recommended Current (SAHC, 1995)
Design population, capita/housing unit 10.6 6
Design flow rate, L/capita.d 
-  Combined wastewater 152 150
-  Black water 13 -
-  Grey water 139 -
Wastewater detention time, days 2 1
Desludging frequency, year 1 4
Minimum tank capacity required, L 4300 3000
. 2
Soakage trenches wastewater loading rate, L/m .d
< 25 for sand 
<10 for clav
< 25 for sand 
<10 for clav
4.8 .2  Development of new designs
The wastewater characterisation studies identified the need to improve the effluent quality 
from existing septic tanks. The effluent SS and BOD concentrations were particularly 
high, as such three new designs have been proposed for trial to resolve these problems. 
The new design will allow for the following:
• Inclusion of anaerobic and aerobic filters as additional treatment processes, and
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• increase in tank capacity to take into account higher population load (population 
mobility within and between the Aboriginal communities).
The anaerobic filter is to be positioned in the second compartment of a septic tank and the 
aerobic filter was principally designed as an aerobic attached growth biological system.
The aerobic condition within the filter media is maintained by allowing the wastewater to 
flow freely downwards. As the wastewater trickles through the media, the following 
process takes place:
• A microbial film is developed on the surface of the filter media,
• the organic matter present in the wastewater is transported to the surface of the filter 
media, and
• the transported organic matter is degraded by aerobic bacteria present within the 
microbial film.
The aerobic filter media can be designed using lightweight material so that it can be 
removed if clogged and replaced with a new one. The clogged filter could be then dried 
off-site and cleaned for future usage. A general description of the new designs are given 
below with more details found in Section 5.4.
Design 1: Design 1 includes a segregated wastewater system which consists of a 1620 
L black water tank and 3000 L grey water tank. Each of the black and grey water tanks 
incorporate an anaerobic filter. The grey water tank effluent is taken for further treatment 
in a 400 L aerobic filter tank. The final effluent from the black and grey water systems 
combined together upstream of the inlet of soakage trenches.
Design 2: Design 2 includes a combined wastewater system which allows treatment of 
combined black and grey waters into a 3000 L modified septic tank. This includes as in 
Design 1, a floating media acting as an anaerobic filter. The septic effluent is finally 
polished in a 1100 L aerobic filter tank positioned upstream of the inlet of the soakage 
trenches.
Design 3: In this design the combined wastewater is treated in a 4300 L modified septic 
tank. This includes as in Designs 1 and 2, a floating media acting as an anaerobic filter. 
The septic effluent is finally disposed of in the soakage trenches.
Actual design details of the above three designs are finalised after Phase 2 which included 
laboratory studies. The laboratory studies helped in deciding the type and size of the 
filtration media used for aerobic filtration, and were particularly necessary as there is no 
information in the literature on the filtration media for on-site disposal systems. Following
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the laboratory studies, field trials were carried out using the optimised septic tank 
systems.
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4 .9  Summary
To evaluate the performance of septic tank systems in the Pipalyatjara community, a 
monitoring program was carried out on three existing systems. This involved site 
investigation, conducting population surveys, flow measurements, water and wastewater 
characterisation and design development. Overall, the results indicate:
• Site 3 was considered to be highly permeable and effluent at this site may contaminate 
the groundwater. Although limited tests carried out on samples taken from nearby 
bores showed evidence of bacterial contamination, no definite conclusion in this matter 
can be made as this will require further research. However, chlorination of the 
community’s reservoir has been suggested to eliminate any health concerns,
• population load per household is 2-3 times higher than the Australian urban 
population. As indicated by population surveys, an average of 10.6 per household was 
considered to be appropriate in the sizing of a septic tank. As such, the existing septic 
tanks as indicated in Table 4.8, appeared to be undersized,
• the hourly water and wastewater flow variations in the remote Aboriginal communities 
(one peak flow), black and grey wastewater distribution (8% and 92%, respectively) 
are significantly different from those of urban communities. This was attributed to the 
differences in user habits and culture. Overall average water consumption was 212 
L/capita.d and 45% of this was transformed to wastewater,
• generally, high concentrations of solids and organic matter in the final effluent 
contribute to clogging of the disposal area and the formation of thicker biocrust. These 
pollutants limit the effluent’s absorption rates and increase the chances of ponding, 
backflow and surfacing of wastewater. The results, as in Table 4.30, indicate high 
influent and effluent concentrations compared to the typical literature values. As a 
result, a suggestion has been made to educate users to reduce the pollutants load into 
the septic tanks,
• the wastewater loading rates into the soakage trench exceeded LTAR of 25 L/m2.d by
1.5 to 5 times, above which effluent disposal fields fail (Geary, 1992a). These 
wastewater loading rates were observed to be accompanied by ponding of wastewater 
in the soakage trenches. As such, the disposal areas at the selected sites were 
considered to be undersized for the applied wastewater loading rates. To minimise 
ponding in the soakage trenches, it has been suggested that alternation of wastewater 
application into the trenches, at 6-12 months period, would regenerate the absorption
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capacity of the disposal area. To achieve this, however, the disposal field should 
consist of at least two soakage trenches. To reduce clogging of the trenches, it has 
been also suggested to reduce solids and organic matter concentrations in septic tank 
effluent. An effluent polishing process and other design modifications were proposed 
for this purpose,
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Table 4.30 Summary of CSTS influent and effluent characteristics
Parameter Influent Effluent
Range Average Min Max Average
Mow rate, L/capita.d 0 -  405 90 Ü -  405 90
Peak factor - 4.5 - 4.5
Faecal coliform, cfu/lOOmL 2.5xl06 -  1.96xl08 6.5x107 l.lxlO6 -  4.09xl07 1.79xl07
PH 6.1 -  8.5 7.5 7.0 -  7.7 7.3
Temp, °C 26 -  31 28 25 -  31 28
DO, mg/L 0.2 -  1.4 0.8 0.0 -  0.5 0.2
Turbidity, FTU 280 -  590 387 222 -  388 309
SS , mg/L 253 -  588 395 95 -  199 145
TDS, mg/L 1264 -  2191 1711 1231 -  1613 1446
TS, mg/L 1622 -  2722 2109 1420 -  1730 1598
BOD5, mg/L 358 -  1052 674 159 -  495 329
COD, mg/L 806 -  1768 1310 523 -  872 715
Nitrite (NO 2 - N ) , mg/L 6.7 -  17.4 12.7 3.6 -  14.6 10.2
Nitrate (NO 3  - N ), mg/L 1.5 -  11.9 6.0 0.0 -  4.1 1.6
Surfactant, mg/L 0.1 -  0.3 0.3 0.1 -0 .2 0.2
Oil, mg/L 0.9 -  48.2 20.4 5.0 -  43.0 19.1
• overall, a design population per household of 10.6, a design flow of 152 L/capita.d 
(being calculated as the 85th percentile of the flow over the monitoring period), 
desludging frequency of 1 year and liquid detention time of 2 days, have been 
suggested to determine the capacity of the septic tank required. The desludging 
frequency is given as a guide only and the one selected should take into account the 
availability of the tanker service in the communities. The disposal area size should be 
based on field tests rather than applying standard trench length, and
• three new designs are proposed as a result of this investigation. Design 1 treats the 
black and grey water streams in separate tanks with anaerobic and/or aerobic filters. 
Design 2 treats the combined wastewater in a 3000 L septic tank with anaerobic and 
aerobic filters. Design 3 treats the combined wastewater in a 4300 L septic tank with 
anaerobic filter. The three designs were evaluated for their performance in the 
laboratory as well as in the field. The results of these are given in Chapters 5 and 6.
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Chapter 5
PHASE 2: LABORATORY STUDIES
5.1 Experimental Results
Using the columns and pilot tank setup presented in Chapter 3, several experimental runs 
were carried out and the results from the same are discussed with an overall aim to:
• assess the performance of two filter media (Bioellipse and Accupac),
• predict the performance of these media using existing mathematical models,
• identify alternative media if the originally selected media failed due to clogging and/or 
incapable of achieving reasonable pollutant removal, and
• optimise filter depths for the trial designs.
The variation in commissioning dates of setup components (Chapter 3) resulted in an 
uneven number of samples being collected for water quality testing from each setup as 
given in Table 5.1.
Table 5.1 Variations in number of samples in columns and pilot tank
Setup Number of 
samples
Columns:
Bioellipse-300 17
Bioellipse-400 11
Accupac-300 13
Accupac-450 9
Accupac-600 8
Pilot tank:
Influent and effluent 34
First chamber 9
Second chamber 14
Total 115
Table 5.1 shows a smaller number of samples being collected from the Accupac-450 and 
Accupac-600 columns compared with that taken from the Accupac-300 column. This was 
due to the early commissioning of Accupac-300 column. Other factors contributing 
towards the uneven sample distribution are time constraints, limitation of equipment used 
(limited number of pump heads which could be mounted on peristaltic pump) and 
clogging of the small plastic media (Bioellipse).
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The wastewater application rates for the columns and pilot tank were chosen within the 
range of values reported in the literature (Table 3.5). The wastewater characteristics, 
measured at various sampling locations, are discussed under two headings:
• Pilot tank experiments
• Columns experiments
5.1.1 Pilot tank experiments
Wastewater quality. The influent and effluent characteristics of the pilot tank are given 
in Table 5.2. Other raw data on water quality parameters, including pollutants removal 
rates achieved on each sampling day, are given in Table D.l (Appendix D).
Table 5.2 Pilot tank water quality
Parameter Pilot tank Averageremoval,
%Min
Influent
Max Average Min
Effluent 
Max Average
Temperature, °C 17 27 22 16 27 22 -
PH 6.6 8.3 7.3 6.3 8.8 7.4 -
Turbidity , FTU 59 1020 319 36 170 83 66
DO, mg/L 0.2 6.2 1.1 0.3 9.7 4.0 -
NO 3-N , mg/L 0.0 0.0 0.0 0.9 3.7 1.9 -
NO 2-N , mg/L 0.0 0.0 0.0 1.2 3.9 2.6 -
SS, mg/L 31 811 289 3 97 42 80
BOD5, mg/L 54 596 324 19 446 185 42
COD, mg/L 105 1484 538 61 357 190 56
The overall results given in Table 5.2 indicate the following:
• The influent temperature range of 17-27 °C observed is unlikely to enhance the 
bacterial growth within the pilot tank, as typical temperature values of 25-35 °C are 
required for optimum bacterial activities.
• pH values of both influent and effluent were within the typical range of 6.0-8.5. As 
such there is no indication of the presence of organic acids in the final effluent.
• Significant increase in DO concentrations in the final effluent did not result in high 
BOD removal. However, the increase in DO indicates that aerobic biological activity 
has taken place within the aerobic filter.
• Most of the nitrogen remained in the form of nitrite and therefore nitrification does not 
appear to be prominent. This indicates that the wastewater within the pilot tank could 
not maintain DO concentrations of greater than 1 mg/L. The low nitrate nitrogen (NO'3
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- N) concentration in the final effluent may be due to the lack of oxygen in the aerobic 
filter and/or denitrification being enhanced in the third compartment. Denitrification 
may have occurred as a result of solids carryover from the aerobic filter (sloughing) 
and accumulation of biological sludge in the aerobic chamber just below the tank 
outlet.
• A significant amount of suspended solids removal is achieved (up to 97% removal). 
The pilot tank, dosed with an average influent SS of 289 mg/L, produced high quality 
effluent with an average SS of 42 mg/L, and yielded a SS removal of 80%. This 
removal is higher than that observed in septic tanks investigated in Phase 1 (57% SS 
removal). Similar observations apply to turbidity removal. Generally, the comparison 
of results generated from Phases 1 and 2, as in Table 5.3, indicates that higher removal 
rates could be achieved by the pilot tank setup.
• The pilot tank produced an average effluent BOD5 of 185 mg/L while feeding with an 
average influent BOD5 of 324 mg/L, and yielded a BOD5 removal of 42%. This 
removal is of the same magnitude to that observed in Phase 1. The wastewater loading 
rate in the pilot tank was, however, higher than that applied in Phase 1. On the other 
hand, the COD removal has improved significantly from 40% (Phase 1) to 56% in 
pilot tank.
Table 5.3 Comparison of pollutants removal rates between Phase 1 and Phase 2
Description Wastewater Turbidity,FTU
SS,
mg/L
BOD,
mg/L
COD,
mg/L
Wastewater
loading
rates,
L /m \d
Typical Influent - 240-600 216-540 250-1000 -
values Effluent - 40-350 90-384 150-720 -
Influent 387 395 674 1310 420
Phase 1 Effluent 309 145 329 715 -
Removal, % 17 57 42 40 -
Influent 319 289 324 538 567
Phase 2 Effluent 83 42 185 190 -
Removal, % 66 80 42 66 -
Note: The wastewater loading rates are obtained by dividing the wastewater flows by the liquid surface area 
in septic tank and pilot tank (excluding the surface area of aerobic filter), respectively.
Wastewater loading rate. It should be noted that the wastewater loading rates applied 
in the pilot tank was 567 L/m2. d. This is higher than the actual application rate observed 
in Phase 1 (420 L/m2.d).
Performance. Considerable fluctuations in pollutants removal rates were observed. 
These are due to problems during the initial starting up period and the change in influent 
characteristics. The operational problems include one or a combination of the following:
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• Constant flow rate of 288 L/d could not be maintained by gravity feeding from the 
elevated tank during the period starting from 19/12/97 to 14/1/97,
• there was frequent failure of peristaltic pump tubing. Initially size 14 tubing failed 
(breaking/flattening) and was replaced by 18 size tubing on 16/1/98,
• constant flow could not be maintained when pilot tank was directly fed from the grit 
chamber due to clogging and fatigue in tubing,
• feeding from a storage tank had to be employed in order to reduce the distance 
between suction and feeding points,
• the flow rate of the peristaltic pump had to be adjusted manually to compensate fatigue 
and loss of elasticity in mounted tubing,
• tray in the pilot tank needed frequent cleaning and resealing,
• there was washout of slime from the anaerobic and aerobic filters by rain. To avoid 
rain interference, the vertical vents in the pilot tank were replaced by elbow shape 
vents, and
• pilot tank effluent was found to carry over some of the accumulated sludge settled at 
the bottom of the aerobic filter compartment.
Anaerobic filter in pilot tank. Occasional samples taken from the first and second 
compartments of the pilot tank revealed low removal rates achieved by the anaerobic filter. 
Table 5.4 indicates solids carryover by the effluent and a BOD removal rate of 8%. The 
SS and organic loading rates into the anaerobic filter are estimated at 2.2 kg SS/m3.d and
2.5 kg BOD/m3.d, respectively.
The solids carryover from the anaerobic filter was caused by sloughing of the biofilm 
from the deposited slime layers on filter walls. These layers were observed visually while 
maintaining the tank and can be described as black sheet like mass. The solids carried 
over often left traces on the flow distribution tray placed above the aerobic filter.
The low organic removal by the anaerobic filter could be attributed to low biological 
activity within the pilot tank due to improper acclimatisation caused by frequent pump out 
operations and/or organic carryover. Generally, under the average water temperature of 
22 °C, the contribution of the anaerobic filter in the pilot tank to the overall solids and 
organic removal was unsatisfactory.
Aerobic filter in pilot tank. Downstream from the second compartment of the pilot 
tank, the aerobic filter showed a higher percentage removal compared to the anaerobic 
filter. This is estimated at 40% and 16% for SS and BOD, respectively. Although, an 
increase in dissolved oxygen concentrations in the final effluent was evident, the
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performance of the filter was poor. However, performance can be improved by 
eliminating solids carryover from the anaerobic filter and improving ventilation of the 
aerobic filter. The average SS and organic loading rates into the aerobic filter are estimated 
at 2.5 kg SS/m3.d and 2.8 kg BOD/m3.d, respectively.
Table 5.4 Pollutants removal rates in different compartment
Description
Between influent 
and effluent of 
anaerobic filter
Between influent 
and effluent of 
aerobic filter
Pilot tank
22/4/1998 22/4/1998 22/4/1998 28/1/1998
Sampling period to to to to
19/6/98 19/6/98 19/6/98 19/6/98
Removal, % 
Turbidity 23 54 63 66
SS -2 40 71 80
b o d 5 8 16 29 42
COD 35 19 50 56
Table 5.4 indicates that the pilot tank achieved, in the period between 22/4/98 and 
19/6/98, a SS removal of 71%. For the same period, SS carryover was encountered in the 
anaerobic filter while the removal of SS in the aerobic filter was limited to 40%, which is 
low compared to that reported for the pilot tank. The difference between SS removal of 
the pilot tank and the aerobic filter resulted from the average, in each case, being 
calculated from an uneven number of samples (Table 5.1).
Fluctuations of pollutants removal rates in pilot tank. There was significant 
variations in SS, BOD, COD and turbidity removal rates in the pilot tank. These, as 
shown in Figures 5.1 to 5.3, tend to follow the same patterns as that of the influent.
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Figure 5.3 Pilot tank influent and effluent BOD variations and fluctuations in BOD removal
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Figures 5.1 - 5.3 show that on three occasions BOD removal was as low as 0%, 4% and 
2%. These occurred on 28/1/98, 1/5/98 and 29/5/99, respectively and explanations are 
given below:
• The 0% BOD removal occurred at the beginning of the operation and was therefore due 
to an insufficient acclimatisation period and/or the influent SS and BOD concentrations 
were at the lowest. On this occasion, influent SS and BOD concentrations were 31 and 
54 mg/L, respectively. The low influent concentrations were encountered as a result of 
feeding the tank with recirculated wastewater. As such, the biological activity within 
the tank was low and higher BOD removal could not be achieved,
• the 4% BOD removal was due to dilution of influent by rainwater entering the tank 
through the vents. Also this could be the result of the major cleaning operation of the 
pilot tank and feeding storage units being carried out 2 days before sampling (28/4/98) 
and the low water temperature on the sampling day (15 °C). The effect of dilution was 
evident as SS removal rate increased from 59% on 22/4/99 to 86% on 1/5/99, and
• the 2% BOD removal could be the result of organic carryover from the anaerobic filter.
Overall the pilot tank performance appears to be good in terms of SS removal. However, 
the removal rate can be improved by the following:
• Minimise frequency of pump out to maintain anaerobic conditions within the first and 
second compartments of the pilot tank,
• encourage the anaerobic conditions in the first and second compartments by enhancing 
airtight conditions and thus eliminating venting from these compartments, and
• modify the vent arrangement to prevent access of rainwater into the aerobic 
compartment. This would help in minimising the carryover of solids due to sloughing 
of the slime layer deposited on the walls of the aerobic filter.
5.1.2 Columns experiments
The installation of a wall fan, as described in Section 3.3.8, in the columns cabinet 
succeeded in eliminating overheating of effluent samples and thus avoiding interference of 
elevated temperatures on effluent quality. The effectiveness of the fan is evident from the 
minor temperature variations between the columns’ cabinet and ambient temperatures over 
the sampling period as given in Table 5.5. Generally, an increase of wastewater 
temperature is normally associated with an increase of the biochemical reaction rates and a 
decrease of the oxygen quantity present in wastewater (Metcalf and Eddy Inc., 1991).
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Table 5.5 Sampling schedule and columns cabinet and ambient temperatures
Sampling
Round
Date of 
sampling Temperature, °C
Columns
cabinet Ambient
1 28/1/98 32 30
2 6/2/98 30 28
3 11/2/98 32 30
4 18/2/98 29.5 25
5 25/2/98 38* 27
6 3/3/98 33 27
7 11/3/98 29 26
8 18/3/98 31 28
9 25/3/98 20 20
10 1/4/98 23.5 22.5
1 1 8/4/98 35.5 32.5
12 22/4/98 18.5 16
13 1/5/98 17 15
14 8/5/98 2 2 17
15 15/5/98 19 19
16 22/5/98 24 19
17 29/5/98 30 27
18 5/6/98 21.5 19.5
19 12/6/98 19 17
20 19/6/98 18 18
Average 28/1-19/6/98 26 23
* - The wall fan was not working and required some maintenance and electrical repair.
Table 5.5 shows a maximum temperature variation of 11°C being encountered on one 
occasion (25/2/98) when the fan needed some maintenance. This was rectified on the 
following day (26/2/98).
5 .1 .2 .1  Bioellipse-300 and 400 columns
Wastewater quality. The influent and effluent characteristics of Bioellipse-300 and 
400 columns are given in Tables 5.6 - 5.7. Other raw data on water quality parameters, 
including pollutants removal rates achieved on each sampling day, are given in Tables D.2 
- D.3 (Appendix D).
Table 5.6 Bioellipse-300 column water quality
Parameter Bioellipse - 300 Averageremoval,
%Min
Influent 
Max Average Min
Effluent 
Max Average
Temperature, °C 19 27 25 18 25 22 -
pH 6 .6 8.3 7.3 6.5 8 .1 7.1 -
Turbidity, FTU 59 418 204 28 88 54 66
DO, mg/L 0 .2 5.6 1.0 0 .2 6 .2 2.3 -
SS, mg/L 22 548 191 6 59 29 66
BOD5, mg/L 54 383 249 32 190 107 56
COD, mg/L 105 945 696 68 2 2 1 155 57
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Table 5.7 Bioellipse-400 column water quality
Param eter Bioellipse - 400 Averagerem oval,
%M in
Influent 
M ax A verage Min
Effluent 
M ax Average
Temperature, °C 19 27 24 18 25 22 -
PH 6.6 8.3 7.3 6.4 8.2 7.1 -
Turbidity, FTU 59 418 240 28 88 54 57
DO, mg/L 0.2 5.6 1.0 0.3 6.7 1.7 -
SS, mg/L 22 548 229 17 46 30 50
BOD5, mg/L 54 383 251 39 344 115 46
COD, mg/L 105 945 538 87 221 167 55
The results given Tables 5.6 - 5.7 indicate the following:
• Similar to the pilot tank results, the influent temperature range of 19-25 °C did not 
enhance the bacterial growth.
• pH values of both influent and effluent were within the typical range of 6.0-8.5. As 
such there is no indication of the presence of organic acids in the final effluent.
• The effluent DO concentrations in Bioellipse-300 columns are higher than those in 
Bioellipse-400 column. This was due to clogging of the second column which initiated 
the anaerobic conditions within the filter media.
• The Bioellipse-300 and 400 columns were dosed with an average influent SS of 191 
and 229 mg/L, respectively. Both columns were able to produce high quality effluent 
of up to 96% and 93% SS removal for Bioellipse-300 and 400 columns, respectively 
(before ponding). This high performance only lasted six weeks until clogging and 
ponding occurred when removal of SS started to decrease drastically. The average 
effluent SS obtained are 29 and 30 mg/L for first and second columns (66% and 50% 
SS removal for Bioellipse-300 and 400 columns, respectively). Overall results showed 
higher SS removal than those observed in Phase 1. Similar observations also apply to 
turbidity removal.
• The Bioellipse-300 and 400 columns, were dosed with an average influent BOD5 of 
249 and 251 mg/L, respectively. These columns produced an average effluent BOD5 
of 107 and 115 mg/L for first and second columns (56% and 46% BOD removal for 
Bioellipse-300 and 400 columns, respectively). These BOD5 concentrations are lower 
than those found in pilot tank effluent. However, both columns showed higher BOD5 
and COD removal rates than those observed in Phase 1.
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Wastewater loading. The wastewater loading rate applied for columns was 2032 
L/m2.d, which is within the typical wastewater loading rates encountered in trickling 
filters (Section 3.3.7).
Performance. Similar operational problems to those observed in the pilot tank related to 
delivery tubing failure (eg., breaking, flattening of inflow tubing, change of tubing size, 
requirement of priming, etc.) apply here for both Bioellipse-300 and 400 columns. 
Surprisingly, Bioellipse-300 column performed better than Bioellipse-400 column. This 
is due to variations in the feeding arrangement and influent strength as described in 
Section 3.3.6. To explain this further, the following observations are noted:
• Bioellipse-300 column started on feeding lower strength, recirculated wastewater 
during the period 4/2/98-23/2/98. At the same time, Bioellipse-400 column was fed 
with higher strength influent directly from the grit chamber. As a result, Bioellipse-400 
column experienced some clogging and ponding/surfacing of wastewater. While 
sampling on 23/2/98, the ponding depth in Bioellipse-400 column was about 100 mm.
• Figure 5.4 shows the variation of SS over the sampling period for both Bioellipse-300 
and 400 columns and the results indicate a significant variation in the influent and 
effluent characteristics.
Bioellipse - 300 column was fed 
recirculated wastewater from an 
elevated tank
Bioellipse - 400 column was fed 
from the grit chamber.
Bioellipse - 300 column 
showed first sign of clogging.
Bioellipse - 400 column 
experienced ponding depth of 
100 mm.
Both Bioellipse - 300 and 
400 columns were fed with 
low strength influent from 
the second compartment of 
pilot tank, starting from 
13/3/98.
4/2/98 23/2/98 13/3/98
Influent SS into Bioellipse - 300 
Influent SS into Bioellipse - 400 
Bioellipse - 300 removal 
Bioellipse - 400 removal______
Date of sampling
Figure 5.4 Effect of feeding arrangement on SS removal in Bioellipse-300 and 400 columns
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• After 23/2/98, an immediate change in the performance of Bioellipse columns was 
noticeable. The change occurred when ponding and the first sign of clogging were 
observed. Although measures were taken to reduce the influent strength on 13/3/98 by 
feeding both columns from the second compartment of the pilot tank, the columns 
continued their poor performance.
• The average SS loading rate per surface area of column is estimated at 0.39 and 0.47 
kg SS/m2.d for Bioellipse-300 and 400 columns, respectively. Similarly, the average 
organic loading rate per surface area of column is estimated at 0.47 and 0.51 kg 
BOD/m2.d for Bioellipse-300 and 400 columns, respectively. As such, poor 
performance of Bioellipse-400 column was due to its load with higher influent 
strength.
• The maximum SS removal rate per unit filter volume of Bioellipse media was estimated 
at 3.08 kg SS/m3.d.
• The higher performance and removal rates experienced in Bioellipse-300 compared to 
Bioellipse-400 columns were due to feeding Bioellipse-300 column recirculated 
wastewater, lower strength influent from the elevated tank (4/2/98-13/3/99). However, 
overall results show that SS and BOD removal rates decreased drastically after the first 
sign of clogging, which occurred on 23/2/98. The organic removal rate per unit filter 
volume of Bioellipse media was estimated at 1.8 kg BOD/m3.d, which is relatively 
lower than the reported values in the literature (Section 2.5). Removal rates in the order 
of 2-3, 9-10 and up to 20 kg BOD/m3.d have been reported (Audoin et al., 1971).
• Despite the precautions taken in the feeding arrangement, the ponding in both 
Bioellipse columns continued. The columns obviously became fully saturated with 
solids and organic matter and started functioning as anaerobic filters. For these 
reasons, the Bioellipse columns were discontinued (15/4/98) and the Bioellipse was 
not considered suitable as an aerobic medium in Phase 3. The extent of clogging of 
both columns is shown in Plates 5.1 - 5.2.
The correlation between the clogging and poor performance of the Bioellipse-400 column 
was further examined by assessing the extent of clogging in the Bioellipse medium. A set 
of samples from each of Bioellipse-300 and 400 columns were examined under a 
microscope (50 times magnitude). From each column, biofilm thickness, as in Table 5.8, 
is measured from a set of three to four samples of medium taken from the top, middle and 
bottom layers. The biofilm thickness and a plan view of a Bioellipse medium, which 
consists of numerous square cells, are shown in Figure 5.5. The clogging of a particular 
cell was evaluated by taking 2 measurements. The first measurement, wall clogging (tw), 
refers to accumulated biofilm on the wall of a particular cell. This was measured 
perpendicularly, from the inner side of the cell’s wall to the outer side of accumulated
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biofilm. The second measurement, clogging of the opening (td) was directly measured 
from the biofilm thickness or width in the diagonal direction of the same cell.
Plate 5.1 Clogging of Bioellipse -300 column
Plate 5.2 Clogging of Bioellipse-400 column
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The results showed that Bioellipse-400 column experienced 100% and 74% clogging at 
the middle and bottom layers, respectively. The clogging in the middle layer exceeded that 
of Bioellipse-300 column by 67%. Again this is a clear indication that the poor 
performance of Bioellipse-400 was due to feeding influent with higher strength. The 
magnitude of clogging of each column is given in Table 5.8.
Table 5.8 Clogging of Bioellipse medium
Column Bioellipse - 300 Bioellipse 400
Sampling location Top Middle Bottom Top Middle Bottom
Clogging, %
WaH 31 45 23 34 43 34
Opening (diagonal) 
Biofilm thickness, pm
55 33 36 52 100 74
Wall (tw) 160 234 117 162 222 175
Opening (diagonal, t<j) 430 256 485 392 822 584
Subsequent to the clogging observed with Bioellipse medium, two other alternative small 
media, known as Biosphere and Bioblock, are selected to replace Bioellipse. Due to time 
constraints, the performance of these are directly assessed in Phase 3.
Fluctuations of pollutants removal rates in Bioellipse columns. The
variations of SS, BOD, COD and turbidity removal rates achieved in Bioellipse-300 and 
400 columns on each sampling day are shown in Figures 5.6 and 5.7, respectively.
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Date of sampling
Figure 5.6 Performance of Bioellipse-300 column
Figure 5.7 Performance of Bioellipse-400 column
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Figures 5.6 - 5.7 indicate the following: .
• Significant fluctuations in removal rates are evident. A wavy response encountered in 
the removal of pollutants tend to follow the same fluctuations patterns of influent SS as 
shown in Figure 5.6.
• In addition to the clogging of Bioellipse-400 discussed earlier, Figure 5.7 indicates a 
sloughing of Bioellipse-400 column on 25/3/98. Solids and organic carryover were 
evident, as such the removal rates of both SS and BOD reduced drastically. In Figure 
5.7, sloughing and decrease in pollutant removal rates are indicated by the negative 
values of percentage removal rates. Again, this can be attributed to the clogging of the 
Bioellipse-400 column, which occurred on 23/2/98.
5 .1 .2 .2  Accupac-300, 450 and 600 columns
Wastewater quality. The influent and effluent characteristics of Accupac-300, 450 and 
600 columns are given in Tables 5.9 - 5.11. Other raw data on water quality parameters, 
including pollutants removal rates achieved on each sampling day, are given in Tables D.4 
- D.6 (Appendix D).
Table 5.9 Accupac-300 column
Parameter Accupac-300 Averageremoval,
%Min
Influent
Max Average Min
Effluent 
Max Average
Temperature, °C 14 27 21 16 27 22 -
pH 6.4 8.3 7.2 7.0 7.8 7.4 -
Turbidity , FTU 49 456 215 44 156 80 47
DO, mg/L 0 .2 5.9 1 .1 0.3 8.4 2.9 -
NO'3-N , mg/L O 2.7 1.3 0.5 6 .6 2 .8 -
NO~2-N , mg/L 0.3 3.0 1.7 - - - -
SS, mg/L 22 548 196 20 181 54 44
BOD5, mg/L 54 397 248 108 444 223 24
COD, mg/L 75 945 387 73 264 168 34
Table 5.10 Accupac-450 column
Parameter Accupac-450
Average
removal,
%Min
Influent
Max Average Min
Effluent 
Max Average
Temperature, °C 14 27 21 12 17 15 -
pH 6.4 8.3 7.2 7.0 7.9 7.5 -
Turbidity , FTU 49 456 215 26 163 67 60
DO, mg/L 0 .2 5.9 1 .1 0.5 9.0 4.1 -
NO~3-N , mg/L - - - 0.5 5.1 2.4 -
SS, mg/L 22 548 196 17 184 49 52
BOD5, mg/L 54 397 248 84 327 217 22
COD, mg/L 75 945 387 65 506 170 33
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Table 5.11 Accupac-600 column
Parameter Accupac-600 Averageremoval,
Influent Effluent
Min Max Average Min Max Average %
Temperature, °C 14 27 2 1 12 17 15 -
PH 6.4 8.3 7.2 7.0 8 .1 7.5 -
Turbidity , FTU 49 456 215 33 91 55 66
DO, mg/L 0 .2 5.9 1 .1 0.3 8.8 4.6 -
NO'3-N , mg/L - - - 0 .2 2 .2 1.5 -
SS, mg/L 22 548 196 17 46 32 61
BOD5, mg/L 54 397 248 117 345 187 32
COD, mg/L 75 945 387 53 400 151 34
The results given in Tables 5.9 - 5.11 indicate the following:
• The influent temperature range of 14-27 °C encountered did not enhance the bacterial 
growth, as compared to the typical values of 25-35 ° C required for optimum bacterial 
activities.
• pH values of both influent and effluent were within the typical range of 6.0-8.5. As 
such there is no indication of the presence of organic acids in the final effluent.
• Effluent DO concentrations in Accupac columns increased by 59% and 12% when 
filter depth is increased from 300 to 450 mm and from 450 to 600 mm, respectively. 
However, this was not sufficient to have a major effect on the degree of nitrification 
achieved, as effluent NO'3-N concentrations obtained from all Accupac columns were 
almost identical.
• The Accupac-300, 450 and 600 mm columns were dosed with an average influent 
concentration of 196 and 248 mg/L for SS and BOD, respectively. These columns 
produced effluent with average SS values of 54,49 and 32 mg/L, respectively. Higher 
SS removal rates were also achieved, these accounted for up to 87%, 92% and 92%, 
for the Accupac-300,450 and 600 columns, respectively.
• The average effluent BOD5 in Accupac-300, 450 and 600 columns are 223, 217 and 
187 mg/L, respectively. Higher BOD removal rates were also achieved, these 
accounted for up to 40%, 53% and 43%, respectively. Only Accupac-450 and 600 
columns produced effluent with BOD5 concentrations lower than those of the pilot tank 
effluent.
Performance. Similar observations to those given above on Bioellipse columns
hydraulic loading rate and operational problems apply here for all Accupac columns.
By increasing the depth of Accupac filters from 300 to 450 mm and from 450 to 600 mm,
SS removal increased by 18% and 9%, respectively. However, the effect of increased
filter depth on improving BOD removal rate was evident only in Accupac-600. This may
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be attributed to the higher wastewater retention time in Accupac-600 column compared to 
the two Accupac columns as given in Table D.13. The variations of SS over the sampling 
period is shown in Figure 5.8.
Sampling round
Figure 5.8 Effect of influent strength on SS removal in Accupac-300, 450 and 600 columns
Figure 5.8 indicates the following:
• The influent SS concentrations and pump out of the pilot tank (the feeding source) had 
significant effects on the removal rate. On 5/6/98, the figure shows a sudden decrease 
in SS removal rates in all columns. This coincided with access of rainwater through the 
vents of the pilot tank and low ambient temperature (15 °C) on 5/6/98, maintenance 
and pump out of the pilot tank being carried out a few days before sampling (1/6/99). 
In addition, the effluent BOD concentrations were greater than influent BOD, and SS 
concentrations in influent were very low. Consequently, the sudden decrease in SS 
and BOD removal rates was due to dilution of influent in the feeding source and solids 
carryover by effluent, and
• SS removal rates followed a wavy response, which is similar to influent SS pattern. 
Overall results showed that SS and BOD removal rates could be increased by 
increasing depth of the Accupac filter media.
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Fluctuations of pollutants removal rates in Accupac columns. The variations 
of SS, BOD, COD and turbidity removal rates achieved in Accupac-300, 450 and 600 
columns on each sampling day are shown in Figures 5.9 to 5.11, respectively.
Figure 5.9 Performance of Accupac-300 column
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Figures 5.9 - 5.11 indicate the following:
• Significant fluctuations in removal rates are observed. These followed a wavy 
response which tend to follow the same fluctuation patterns of influent SS.
• Similarly to Bioellipse columns, solids and organic carryover occurred, and as such 
removal rates of both SS and BOD reduced drastically towards later stages.
5.1.3 Overall performance
Pilot tank. As shown in Table 5.3, the pilot tank with Accupac medium was more 
efficient in removing turbidity, SS and COD than the septic tanks in Phase 1. However, . 
there appears to be no improvement in terms of BOD removal. As such, the biological 
activities within the aerobic filter have to be improved. This could be achieved by 
replacing the Accupac medium, used in the aerobic chamber, with medium of larger 
surface area and/or improving ventilation within the aerobic filter.
Column. The five columns containing Bioellipse and Accupac media operated under a 
constant loading of 14.4 L/d over a maximum of 20 weeks period. Some of the visual 
observations are noted below:
• superior wetting characteristics and less filter flies for Bioellipse,
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• observed clogging of the Bioellipse media,
•  sloughing of slime layer in Bioellipse columns, and
•  poor wetting, filter flies and sloughing observed in Accupac columns.
Sm all medium. Although the Bioellipse small medium showed higher removal of 
pollutants than the modular Accupac medium in column experiments, clogging and 
ponding of the Bioellipse-300 and 400 columns were experienced eleven weeks after the 
setup commissioning. The following observations are made on the performance:
• The increase in filter depth did not improve pollutant removal efficiency. Instead, by 
increasing the depth of the filter from 300 to 400 mm, BOD, SS, turbidity and COD 
removal efficiency decreased by 18%, 24%, 14% and 4%, respectively. This could be 
due to the higher clogging magnitude in Bioellipse-400 column as compared to 
Bioellipse-300 column (Table 5.8),
• the maximum SS and BOD removal rates of Bioellipse media are estimated at 3.08 kg 
SS/m3.d and 1.8 kg BOD/m3.d, respectively. The saturation level or maximum organic 
removal rate is low compared to the 2-3 kg BOD/m3.d low range found in the literature 
(Audoin et al., 1971),
• the clogging and ponding experienced in the Bioellipse-300 and 400 may be due to 
high influent strength as these were dosed with raw wastewater in the first six weeks 
of operation. This was evident from the slime thickness (Table 5.8) measured on 
medium samples.
Although clogging was observed with the use of small medium, their use in the field trial 
(Phase 3) was not totally ruled out. This is because the effluent fed into the aerobic filters 
during the field trial is expected to be without any coarse solids. However, two alternative 
small media, namely Biosphere and Bioblock, were selected for direct testing in the field 
trial. The selected media have higher void space and smaller specific area than Bioellipse.
Modular media. Although, the same modular media was used in the pilot tank and 
Accupac columns, the removal rates of turbidity, SS, BOD and COD in Accupac - 450 
and 600 columns (Tables 5 .10-5 .11) were higher than those achieved by the aerobic 
filter in the pilot tank (Table 5.2). Similar observations apply to Accupac-300 column 
excluding turbidity removal rate, as it was slightly lower than the one achieved in the pilot 
tank. Overall, the higher performance in columns could be attributed to the following:
• the difference in wastewater application rates between Accupac columns (2032 L/m2.d) 
and pilot tank (3015 L/m2.d),
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• better flow distribution, wetting and drying patterns of media, and thicker biofilm as 
the surface area in Accupac columns is relatively low,
• by increasing the Accupac filter depth from 450 to 600, BOD removal increased by 
46% while turbidity and SS removal increased by 10% and 17%, respectively, and
• Accupac columns were tested for a short period (8-9 weeks) compared to the pilot tank 
(20 weeks).
Study by Logan et al. (1987) of modular media with different geometry and configuration 
to Accupac under high wastewater application rate of 58,752 L/m2.d reported removal of 
73% to 80% BOD. This removal was achieved by applying constant organic load, 
allowing recirculation and distribution of influent wastewater via rotating arms. Logan’s 
study was, however, based on feeding experiments with synthetic wastewater (glucose 
concentrations).
While BOD removal rates remained the same in both pilot tank and Phase 1, SS and 
turbidity removal rates were 40% and 288% higher in pilot tank than those experienced in 
Phase 1. Higher solids and turbidity removal may be due to the inclusion of an anaerobic 
filter comprising of Accupac media. As BOD removal remained around 42% in both the 
pilot tank and Phase 1, assessment of alternative medium will be evaluated in the field trial 
to examine the following:
• Use of existing Accupac, CF-1200 or CF-650 only as an anaerobic filter medium 
(Accupac CF- 650 (390 m2/m3) has a higher surface area than Accupac CF-1200), and
• use of small medium, Biosphere and Bioblock, as aerobic filter medium as a substitute 
to Bioellipse.
5.2  Application of Mathematical Models
5.2.1 Prediction of performance and selected models
In this chapter, an attempt is made to model the observed data from the experimental setup 
(aerobic filters). The effluent quality obtained from the columns and pilot tank setup are 
predicted using existing models. The adopted models were used in modeling trickling 
filters where BOD removal is used as an indicator for organic removal. A large number of 
investigators reported organic removal when dealing with filtered samples and thus 
focused on soluble BOD, and used synthetic wastewater (glucose) in developing models. 
For simple first order kinetics, influent BOD concentration is suggested to be lower than 
85 mg/L for biofilm experiments. At higher BOD concentrations, actual substrate to cell- 
rate transfer by microorganisms may exceed the maximum predicted uptake (Logan et al., 
1987).
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In this study, actual raw wastewater was used and BOD concentrations of unfiltered 
sewage (influent and effluent) are measured to:
• Estimate the actual BOD removal,
• assess the clogging potential of different plastic media,
• select the appropriate type of media for field trial, and
• determine the depth and application rates in designing the filters needed in Phase 3 for 
the treatment/polishing of segregated and/or combined wastewater.
Out of the several trickling filter models given in the literature (Table A.5), four of the 
simplest models are considered as shown below:
1. Phelps (1944) model
=  e - * ‘ D  
S,
where,
Se = effluent BOD5, mg/L
Sj = influent BOD5, mg/L
Kd = removal rate constant, m'1
D = filter depth, m
(5.1)
2.
&
S,
Howland (1958) model
The retention time is given bv:
L
t =  r
3v ^1/3
{gsinßj
(0 2 /3
r/3vY'V2rY,:f, = 1.3D—  —vsJ v Q J
where,
tj. = retention time, s
Kt = removal rate constant, s 1
(for module media)
(for chain of spheres or small media)
v = kinematic viscosity, cm2/s
g = acceleration due to gravity, cm/s2 
6 = angle of plate inclination from the horizontal plane
L = length of flow, cm
(5.2)
(5.3)
(5.4)
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qw = flow per unit width of plate, cm3/s.cm 
r = radius of sphere, cm
Q = flow rate, cm3/s
3. Sinkoff (1959) model
Similar to Howland (1958) model [Eqn. (5.2)], but more emphasis on specific surface 
area is given in computing retention time. The relationship for computing residence time is 
given below:
tr 13D
^,V /V a^2/33v
J KQ
where,
Ay = specific area, cm2/cm3
(5.5)
4. Schultz (1960) model
| -  = exp[-Xa)(10.75)"+1(ii)" /)] (5-6^
where,
K20 = removal rate constant at 20 °C , min'1
n = 0.5 (assumed to be constant for both CF -1200 and Bioellipse)
Qv = wastewater application rate, m3/m2.min (or m/min)
Models 2 and 3 consider the retention time of substrate to be a more relevant factor than 
depth. Although the similarity between these models is apparent, the retention time is 
defined differently for each model.
Generally, the determination of the retention time and the effect of increasing hydraulic 
load on BOD removal requires the application of different wastewater loading rates. Due 
to time constraints, the study allowed wastewater feeding at a constant hydraulic load in 
each of the pilot tank and columns setup. As such retention time and influence of 
increased hydraulic load on BOD removal are not addressed.
The effluent quality obtained from the laboratory setup, using the Bioellipse (in columns) 
and Accupac media (in columns and pilot tank), are compared with the predicted effluent 
quality using all 4 models.
5.2.2 Removal rate constant (K20)
The removal rate constant is influenced by variety of factors, mainly media geometry, 
wastewater composition, residence time and climatic conditions. For each plastic media 
used, the removal rate constant was determined for each of the 4 models presented earlier.
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In calibrating these models, some of the influent and effluent data which were found to be 
abnormal were eliminated.
The removal rate constants were estimated, for Bioellipse and Accupac media, by linear 
regression analysis. The Bioellipse values are obtained from data generated by two 
Bioellipse columns. Whereas, the Accupac values are obtained from data generated from 
one Accupac aerobic filter in the pilot tank and three Accupac columns.
The hydraulic loading rate into the Accupac columns (2032 L/m2.d) differed from that 
applied into the aerobic filter in the pilot tank (2578 L/m2.d). As such, the removal rate 
constant for Accupac media was influenced by the change in hydraulic loading rates.
The data used for evaluating the removal rate constant values are given in Tables D.7 - 
D.14 (Appendix D). The removal rate constant was determined by the slope of the lines 
shown in Figures 5.12-5.15 and Figures 5.16 - 5.19 for Bioellipse and Accupac media, 
respectively. The removal rate constant values corresponding to the 4 selected models are 
summarised in Table 5.12.
Overall, substantial scattering of data points and low R2 values were observed. These 
were due to the use of actual wastewater in the experimental setup, as well as to the 
limited number of data points.
Figure 5.12 Calculation of removal rate constant fC,0 for Bioellipse medium
using Phelps (1944) model
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Figure 5.13 Calculation of removal rate constant for Bioellipse medium
using Howland (1958) model
*  [-ln(Se/Si)]/0 T'20
----- Linear [-ln(Se/Si)]/0 T-20
Figure 5.14 Calculation of removal rate constant K20for Bioellipse medium using
Sinkoff (1959) model
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Figure 5.15 Calculation of removal rate constant K^for Bioellipse medium using
Schultz (1960) model
Figure 5.16 Calculation of removal rate constant for Accupac modular medium using
Phelps (1944) model
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Figure 5.17 Calculation of removal rate constant for Accupac modular medium using
Howland (1958) model
Figure 5.18 Calculation of removal rate constant for Accupac modular medium using
Sinkoff (1959) model
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Figure 5.19 Calculation of removal rate constant for Accupac modular medium using
Schultz (1960) model
Table 5.12 Removal rate constant for the Bioellipse and Accupac media
M o d e l
R em oval
rate
constant
un it
R em oval rate  
constant
k 20
A A P E *,
%
B io e l l ip s e -lmPhelps(1944) 2.7859 40
Howland (1958) s'1 0.00001 3 1
Sinkoff (1959) s'1 0.000003 3 2
Schultz (1960) m'1 0.0036 3 4
A ccu p a c  from  co lum n s data
Phelps (1944) m'1 0.8019 2 3
Howland (1958) s'1 0.000002 1 6
Sinkoff (1959) s-1 0.000003 1 6
Schultz (1960)
A ccu p ac from  p ilo t tan k  data m-1
0.0008 1 5
Phelps (1944) m'1
s’1
0.8770 2 0
Howland (1958) 0.000007 27
Sinkoff (1959) s-1 0.00002 2 6
Schultz (1960) m'1 0.0009 2 0
A ccu p a c  from  co lu m n s and  pilot 
tan k  com bined  d ata
m'1Phelps (1944) 0.8132 22
Howland (1958) s’1 0.000002 1 8
Sinkoff (1959) s'1 0.000003 1 8
Schultz (1960) m'1 0.0008 1 6
Note: * - definition in Section 2.5.
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In the case of Bioellipse medium, the values for removal constant and model performance 
errors were determined from the combined data sets generated from Bioellipse-300 and 
400 columns. Whereas, in the case of Accupac medium, the same parameters were 
determined from the data sets generated from:
• Accupac columns,
• aerobic filter in pilot tank, and
• combination of the above.
Table 5.12 indicates the following:
• Sinkoff (1959) model gave similar removal rate constant values for both Bioellipse and 
Accupac media except in the case of Accupac data from the pilot tank.
• With the exception of Sinkoff (1959) model, the values of removal rate constant with 
Bioellipse medium are higher than those of the Accupac medium.
• Phelps (1944) model gave higher removal rate constant values, for both Bioellipse and 
Accupac media, than those determined from the other models.
• There was similarity between the values of removal rate constant obtained (using all 4 
models) from each set of data (the Accupac columns, aerobic filter in pilot tank, and 
combination of Accupac columns and pilot tank). Consequently, the removal rate 
constant determined in the case of the Bioellipse columns could possibly be applied in 
the aerobic filter of the pilot tank if Bioellipse is considered to be the preferred 
medium.
• In the case of Accupac medium, the retention time estimated using Howland (1958) 
model was two times higher than that determined using Sinkoff (1959) model. This 
coincides with a slight increase in the removal rate constant values between the first 
and second model, respectively.
• In the case of Bioellipse medium, the retention time estimated using Howland (1958) 
model was almost a fifth of that calculated using Sinkoff (1959) model. This coincides 
with a significant decrease (70%) in the removal rate constant values between the first 
and second model, respectively.
An important inference from the above discussion is that, to determine the removal rate 
constant, it would be sufficient to conduct column testing. The results so obtained could 
be used in designing a septic tank aerobic filter.
5.2.3 Effluent quality predictions
The average removal rate constants obtained in Table 5.12 were used in the model 
equations (Eqns 5.1-5.6) to predict the effluent quality from the Bioellipse columns,
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aerobic filter of the pilot tank, and Accupac columns. These predictions were then 
compared with the experimental results and assessed for agreement. Generally, a good 
agreement between the experimental and theoretical (predicted) results was obtained. This 
is clearly shown in Figures 5.20 - 5.25.
To assess the performance of the models, the average absolute percentage errors (AAPE) 
were determined as outlined in Section 2.5. The smallest error is taken as an indicator for 
best model prediction. Overall, the results indicate that at least two models could be used 
in predicting the performance of Bioellipse and Accupac media.
Bioellipse medium. In analysing the combined data from Bioellipse-300 and 400 
columns, some of the observations are made:
• Phelps (1944) model gave the highest AAPE (40%) compared to the other three 
models.
• AAPE were estimated at 31%, 32% and 34% using Howland (1958), Sinkoff (1959) 
and Schultz (1960) models, respectively. Hence, none of the models appear to predict 
accurately the performance of the Bioellipse medium.
Overall, Figures 5.20 - 5.21 indicate that for all 4 models some of the experimental data 
are found to be outside the prediction curves. This was primarily due to the fluctuation in 
influent BOD concentrations. The predictions of all 4 models are given in Tables D.15 - 
D.16 (Appendix D).
Accupac medium. By analysing the Accupac data in three data sets as explained earlier 
and calculating the absolute average percentage errors (AAPE) for each set, the following 
observations are noted:
• By analysing the data generated from the Accupac columns separately, AAPE were 
estimated at 16%, 16% and 15% using Howland (1958), Sinkoff (1959) and Schultz 
(1960) models, respectively. As such, these models gave the best fit. Similar to 
Bioellipse medium, Phelps (1944) model yielded highest AAPE (23%).
• by analysing the pilot tank data separately, AAPE were relatively higher using all 4 
models. This may be due to the fluctuations in effluent quality or the fact that these 
errors were calculated from a smaller number of data. However, lower AAPE of 20% 
were obtained using Phelps (1944) and Schultz (1960) models, followed by an AAPE 
of 26% using Sinkoff (1959) model. Howland (1958) and Sinkoff (1959) models 
yielded higher AAPE values than those found from Accupac columns data.
• by comparing the results of two individual sets of data (columns and pilot tank), the 
best fit, as shown in Figures 5.22 - 5.25, was obtained using Schultz (1960) model
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where AAPE values of 15% and 20% were calculated from the Accupac columns and 
pilot tank, respectively.
• by analysing the combined data (Accupac columns and pilot tank), Phelps (1944) 
model yielded the highest AAPE (22%). This is consistent with errors obtained by 
analysing the Accupac columns separately. An AAPE of 18% was obtained using 
Howland (1958) and Sinkoff (1959) models. Schultz (1960) yielded the lowest AAPE 
of 16%. Consequently, models excluding that of Phelps (1944) could be used for the 
best prediction from the Accupac medium.
Generally, it appears that all 4 models predicted very closely the results of Accupac 
medium than those of Bioellipse medium. The predictions of all 4 models are given in 
Tables D.17 - D.19 (Appendix D).
Figure 5.20 Prediction of Bioellipse-300 column performance
Figure 5.21 Prediction of Bioellipse-400 column performance
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Figure 5.22 Prediction of Accupac-300 column performance
Figure 5.23 Prediction of Accupac-450 column performance
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Figure 5.24 Prediction of Accupac-600 column performance
Figure 5.25 Prediction of performance of the Accupac aerobic filter in pilot tank 
5 .3  Final Design of Trial Systems
The results of Phases 1 and 2 are used to finalise/optimise the dimensions of the three. 
new designs discussed in Chapter 4. To cut down the manufacturing and transportation 
costs, the designs allowed usage of existing tanks found in the market and applied the 
necessary modifications. Detailed description and layout of the three designs are given in 
the following sections. Generally, in selecting the depth of the filters in the trial designs, 
assumptions have been made as in Table 5.13.
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Table 5.13 Assumptions used in calculating filter depth in the trial designs
Parameter Value
chosen
Remarks
Anaerobic filter for all three designs
Influent BOD to anaerobic filter, mg/L 329 Similar to BOD in septic effluent in Phase 1.
Removal achieved by anaerobic filter in septic tank, % 8 Similar to that achieved in the second chamber of pilot tank.
Effluent BOD of the anaerobic filter (Se), mg/L 300 Calculated taking into account the 8% BOD removal assumed above.
BOD design loading rate into the anaerobic filters, kg BOD/m3.d 7.5 Below 20 kg BOD/m3.d, the maximum loading rate of aerobic filters reported by Audoin et al., (1971), and assumed similar to maximum 
organic loading rate into the aerobic filter.
Hydraulic loading rates, L/m .d 2314 Assumed similar to that of anaerobic filter in pilot tank.
Aerobic filter for Designs 1 and 2
Depth of the aerobic filter required Estimated using Eqn 5.1
Depth of anaerobic filter, mm 300 Assumed similar to that of pilot tank.
Value of the constant (0) used in calculation of removal rate constant 1.035 To be used in Eqn 2.24.
Removal constant for Bioblock and Biosphere (K20), m 1 2.8 Similar to that obtained for Bioellipse using Phelps (1944) model
Removal constant for Bioblock and Biosphere at t°C (K,), m'1 3.7 Calculated using Eqn 2.24.
Influent BOD into the aerobic filter (Sj), mg/L 300 Similar to effluent BOD of the anaerobic filter.
Removal achieved by the aerobic filter, % 56 Similar to that obtained using Bioellipse-300 column.
Effluent BOD of the aerobic filter (Se), mg/L 132 Calculated taking into account the 56% removal assumed above.
Removal rate constant for both Bioblock and Biosphere (Kd), m'1 2.8 Similar to Bioellipse medium.
Influent wastewater temperature, °C 28.3 Similar to Phase 1.
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Table 5.13 Assumptions used in calculating filter depth in the trial designs (continued)
Parameter Value
chosen
Remarks
Depth of aerobic filter required, mm 220 Obtained by substituting Sj, Se, Kd in Eqn 5.1.
Depth of aerobic filter adopted, mm 300 To be conservative, the depth was increased from 220 to 300 mm.
Wastewater flow rate per day, L/d 1604 Corresponds to 85th percentile of the flow obtained in Phase 1.
Aerobic filter in Design 1
BOD design loading rate into the aerobic filter, kg/m3.d 2.8 Assumed similar to BOD loading rate into the pilot tank.
Width of the aerobic filter, mm 850 Assumed to allow use of existing 400 L concrete tank available in the 
market as filter compartment.
Length of the aerobic filter, mm 700 Calculated using BOD loading rate and the 850 mm assumed filter 
width.
Hydraulic loading rates, U m 2.d 2700 Similar to those of trickling filters using plastic medium, 1173- 11735 
L/m2.d, reported by (Metcalf and Eddy Inc., 1991).
Aerobic filter in Design 2
BOD design loading rate into the aerobic filter, kg/m .d 1.3 Selected within the literature range of 0.5-1.6 kg/m3.d reported by 
Metcalf and Eddy Inc. (1991).
Width of the aerobic filter, mm 1450 Assumed to allow use of existing 1100 L concrete tank available in the 
market as filter compartment.
Length of the aerobic filter, mm 850 Calculated using BOD loading rate and the 1450 mm assumed filter 
width.
Hydraulic loading rates, L/m .d. 1304 Similar to those of trickling filters using plastic medium, 1173- 11735 
L/m2.d, reported by (Metcalf and Eddy Inc., 1991).
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5.3.1 Design 1 Description
In this design the black water stream is segregated from grey water and each stream is 
treated separately using modified septic tanks. The segregation of wastes on-site is to 
explore the potential for grey water reuse in Aboriginal communities. Detailed dimensions 
of the proposed black and grey water systems are given in Figures 5.26 and 5.27, 
respectively.
Black water stream. The black water is treated anaerobically in a two chambered, 
1620 L modified septic tank ($630). The tank incorporates an anaerobic floating medium 
placed in the second compartment and positioned below the tank outlet drain as shown in 
Figure 5.26. The floating filter medium used here is Accupac, CF-650. The dimensions 
of the filter block ($62), as installed, is 475 x 460 x 300 mm (length x width x depth).
Grey water stream. The design consists of a two chambered, 3000 L grey water tank 
($748) incorporating an anaerobic floating medium in the second chamber. To further 
polish the effluent, a 400 L aerobic filter tank is installed downstream from the 3000 L 
tank as shown in Figure 5.27.
In the first tank, the grey water is treated anaerobically and further polished by the upflow 
filter (floating medium filter). The floating medium ($35) used here is Accupac CF-1200 
medium (300 x 300 x 780 mm).
Downstream from the grey water tank, the effluent is allowed to pass through a 400 L 
aerobic filter tank ($1176) fitted with a 300 mm riser ($300). This filter is of a downflow 
type and filled with Biosphere medium (30 mm diameter balls). The medium was 
contained in a box (850 x 700 x 300 mm) made out of galvanised mesh (50 mm opening 
and 4 mm thick). The inner box sides and bottom were covered with a plastic mesh (20 
mm opening and 3 mm thick). After filling the box with the medium, the top of the filter 
box was covered by same plastic mesh. The filter box was fitted with two handles to 
allow easy installation, removal and maintenance. A volume of 180 L of the Biosphere 
medium was used in the 400 L filter tank, at an estimated cost of $458 (1998 price).
5.3.2 Design 2 Description
The design here is for the treatment of combined black and grey water streams. This 
consists of a 3000 L modified septic tank ($748) and a 1100 L aerobic filter tank ($2077) 
as shown in Figure 5.28. Similar to Design 1, the septic tank incorporates an anaerobic 
filter medium near the outlet to polish the effluent and prevent the escape of coarse 
material. Detailed dimensions of this design are given in Figure 5.28.
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The combined wastewater is treated anaerobically and polished through a floating medium 
filter (upflow filter) placed in the second compartment. The floating medium ($35) used 
here is Accupac, CF-1200 (300 x 300 x 780 mm).
On the downstream side of the septic tank, the effluent is treated aerobically in a separate 
1100 L filter tank (downflow type). The aerobic filter tank is of a comparatively bigger 
capacity than that of Design 1. The increase in filter’s dimensions are applied to assess the 
implication of increasing the surface area of aerobic filters on the performance of the 
system.
The downflow filter consisted of Bioblock medium (40 mm in diameter). Due to the large 
internal width of the filter tank (1590 mm), the media was contained in two boxes instead 
of one to facilitate lifting, handling and maintenance. The boxes dimensions are 700 x 850 
mm and 750 x 850 mm, and 300 mm deep. These are made of the same material and in a 
similar manner to the 400 L filter box described Section 5.3.1. Each filter box is fitted 
with two handles to allow easy installation and maintenance. A volume of 350 L of 
Bioblock media was used in the 1100 L filter tank (8 bags), at an estimated cost of $240 
(1998 price).
In the aerobic filter, the septic tank effluent is distributed via a perforated plastic tray 825 
mm long and 1525 mm wide. The perforations are 10 mm in diameter and the holes are 
spaced at 85 and 105 mm over the tray length and width, respectively.
5.3.3 Design 3 Description
As indicated in Phase 1, the use of a standard 3000 L septic tank, may be undersized for 
remote Aboriginal users. Therefore allowance was made in this design, as in Section 
4.8.1, for increasing the size of the septic tank to 4300 L ($1096) to cope with an average 
population load of 10.6 per household.
Similar to Designs 1 and 2, an anaerobic floating filter was incorporated in the second 
compartment just below the outlet pipe of the septic tank as shown in Figure 5.29. The 
floating medium ($67) used here is Accupac, CF-650 medium (300 x 310 x 790 mm). 
Detailed dimensions of this design are given in Figure 5.29.
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Plan
Section B-B
Figure 5.26 Design 1: Black water system
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Plan
Section B-B Section C-C
Figure 5.27 Design 1: Grey water system
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Figure 5.28 Design 2: Combined wastewater system
5.40
C hapter 5 - P h ase 2 L abora tory  Studies
1485
Section B-B
Figure 5.29 Design 3: Combined wastewater system
5.41
Chapter 5 -  Phase 2: Laboratory Studies
5.4  Summary
Although some clogging was observed in the case of Bioellipse medium, its use in septic 
tanks cannot be ruled out as the medium was capable of achieving high pollutant removal 
on some occasions. The clogging was mainly due to feeding the Bioellipse columns with 
raw wastewater from the grit chamber. This influent contained coarse solids and resulted 
in overall poor performance. The maximum SS and BOD removal rates of Bioellipse 
media were estimated at 3.08 kg SS/m3.d and 1.8 kg BOD/m3.d, respectively. To 
eliminate the risk of clogging in the trial designs, alternative medium will be used in Phase 
3.
The SS and BOD removal rates with Accupac medium, as aerobic filter, were very low. 
SS removal was estimated at 40% and 52% in the pilot tank and columns, respectively. 
BOD removal was, however, limited to 16% and 26%, respectively. Although, the same 
medium was used in the pilot tank and columns, the experimental conditions were 
different. Again, low SS and organic removal prompted the selection of alternative 
medium in the trial designs. Consequently, Bioblock and Biosphere media were selected 
to replace Bioellipse and Accupac in the aerobic filters of the trial designs.
Although, performance predictions of the anaerobic filter in pilot tank is not addressed in 
this study, filter sloughing and low organic removal were evident. Under the laboratory 
conditions, the BOD removal in the anaerobic filter, with Accupac (CF -1200) media, was 
limited to 8%. This was observed when the average organic loading rate into that filter 
was about 2.5 kg BOD/m3.d. On the other hand, SS carryover was evident when SS 
loading rate into the anaerobic filter was about 2.2 kg SS/ m3.d. To minimise solids 
carryover in the trial designs, it would be ideal to increase the surface area of the filter and 
restrict its depth to 300 mm. However, the primary purpose of this filter is to retain coarse 
materials within the tank. This can be accomplished by the Accupac medium and 
therefore, the medium remained the preferred option for the anaerobic filters in the trial 
designs. The effect of changing the depth of the anaerobic filter on the performance of the 
pilot tank, although important, may not be practicable. The depth should be ideally 
restricted to 300 mm or even less. This is to avoid short circuiting of solids into the filter 
and to have sufficient space under the filter for sludge accumulation (if any).
The effect of increasing the depth of the aerobic filter on improving BOD removal was 
evident. However, the magnitude of such improvement does not support the need for a 
deeper filter in the trial designs. As such, in developing the trial designs, an attempt is 
made to increase the surface area of the aerobic filters without increasing the filter depth 
beyond 300 mm. This will help in the utilisation of existing soakage trenches and/or 
reducing the depth required for the installation of the new disposal area. By restricting the 
depth of the aerobic filter to 300 mm, the outlet of the aerobic compartment will be at
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practicable depth to allow sufficient falls towards the existing soakage trenches. 
However, deeper filters can still be used but will require deeper excavation for installing 
the soakage trenches which may in turn increase the cost of CSTS substantially.
The results showed that different plastic medium have different removal rate constant 
values. In addition, for the same medium, different models give different removal 
constant values. Phelps (1944) model gave the highest removal rate constant values for 
both Bioellipse and Accupac media.
Howland (1958) and Sinkoff (1959) models could be used in predicting the performance 
of Bioellipse medium. In the case of Accupac medium, the same models could be used 
together with Schultz (1960) model. Generally, the effluent predictions using all four 
models were in good agreement with the experimental results.
The results of Phases 1 and 2 are used, as in Table 5.13, to optimise the dimensions of 
the trial designs discussed earlier. In developing these designs, adjustments were made to 
use the tanks currently available on the market and to apply the necessary modifications 
without the need to develop new concrete casting moulds. Table 5.14 shows the 
fabrication cost comparison for all three designs. As shown in this table, Design 1 
required the highest fabrication cost, while Design 3 incurred the lowest cost.
Table 5.14 Fabrication cost of new designs
Description Cost, $A (1998 price)
Design 1 Design 2 Design 3
Separate black 
and grey water 
tanks with 
anaerobic and 
aerobic filters
Combined wastewater 
treatment with a standard 
3000 L septic tank and 
anaerobic and aerobic 
filters
Combined wastewater 
treatment with a 4300 
L septic tank and 
anaerobic and aerobic 
filters
4300 L Septic tank - - 1095
1620 L Septic tank 630 - -
3000 L Septic tank 748 748 -
No. 1 Grease arrester 1176 - -
No. 1 Grease arrester 300 mm riser 300 - -
No. 2 Grease arrester - 2077 -
Miscellaneous items 700 600 500
Plastic filter media 458 240 -
Total cost for each system 4ÒH 3555 1596
Cost of existing system* 1248 1248 1248
Cost difference between existing and 
new septic tank designs 2764 2417 348
Note: * - cost of existing system is calculated by adding the cost of 3000 L septic tank and miscellaneous 
items ($500).
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PHASE 3: PERFORMANCE EVALUATION OF 
TRIAL DESIGNS
6.1  Introduction
Following the laboratory studies, the three designs described in Chapter 5 were installed 
in the Pipalyatjara community and evaluated for their field performance. A monitoring 
program, as described in Section 2.4.3, was carried out over Nov. 1998 - Feb. 1999 
period. The field monitoring involved determination of effluent percolation rates, 
conducting population surveys, flow measurement, wastewater characterisation and 
evaluation of design performance.
6.1.1 Effluent percolation rate
Effluent percolation rates were determined as described in Sections 3.2.3.1 and 3.4.3.1 
and the average percolation rates measured for the three sites are given in Table 6.1. 
These were obtained from different locations around the disposal areas as explained in 
Section 3.2.3.1 (Figures 3.16 - 3.17). PR at Site 2 is assumed to be the same as that 
determined during Phase 1.
Table 6.1 Soil percolation rates (PR) at Sites 1-3
Site Measurement
date
PR, m/d
Measured Guideline
Victoria EPA (1990) SAHC (1995)
1 28/11 - 17/12/98 7.7
2 10- 11/12/95 9.2 <1.2 0.36 - 3.6
3 16-26/11/98 7.3
Table 6.1 indicates high PR values compared to those specified by SAHC (1995) for on­
site effluent discharge. Hence, as observed in Phase 1, the sites are considered to be quite 
permeable. Assessment of groundwater contamination was not undertaken as this was 
outside the scope of Phase 3.
6.1.2 Population survey
An average population of 9, 9.3 and 6 was obtained for Sites 1, 2 and 3, respectively.
Generally, the population per household fluctuated considerably as indicated in Table 6.2.
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Table 6.2 Summary of household population surveys
Surveys Population at Site
(adults, children, total)
1 2 3
5/11/98 6, 3 ,9 3, 5, 8 4, 2 ,6
10/11/98 5, 4 ,9 3, 5, 8 8, 2, 10
17/12/98 9, 1, 10 7, 7, 14 5, 1 ,6
16/1/99 6, 4, 10 4, 3 ,7 2, 2 ,4
27/1/99 5 ,4 ,9 4, 4 ,8 3, 1, 4+
28/1/99 4, 3 ,7 6, 5, 11 N/O
Average 9 9.3 6
Standard deviation 1 3 2
Phase 3 study (1998-1999)* 8.1
Phase 1 study (1995-1996) 10.6
Pholeros et al. (1993), average** 7.5
NHC et al. (1987), average** 8
Note: N/O - Not occupied; + - People surveyed here were visitors for the day time only, the actual 
residents left the house on 24/1/99. Death of person from the community was reported on 25/1/99 
(morning). ++ - Surveys were not conducted for the same sites under present study. * - overall average.
The surveys, as given in Table 6.2, indicate an overall average population of 8.1 per 
household which is lower than that observed during Phase 1. Again, there were some 
difficulties while conducting the population surveys. These were of the same nature to 
those encountered in Phase 1. During the monitoring period, a death of one of the 
community members occurred on 24/1/99. This directly reflected on the occupancy rate at 
Site 3 where the house became unoccupied immediately after the death was announced. 
The family members at Site 3, originally living on the eastern side of the community, had 
to leave their house and move away from the deceased’s residence to the western side 
because of cultural beliefs (spirit of the deceased haunting the neighbourhood). Other 
members of the community decided to move to sorry camps, located outside the 
community. In such circumstances, population mobility is increased and surveys may not 
reflect the actual population load.
Generally, the average observed population per household is 1.7-2.7 times higher than 
the Australian urban population and 1.4 times the current design load (6 
persons/household) specified by the local code. Surveys taken in Phase 3 are in 
agreement with the observations noted in Phase 1 and suggest the need for 
accommodating large family sizes and load fluctuations in future on-site wastewater 
treatment/disposal system installations.
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^•1*3 Flow measurement
The composition of wastewater flow (black and grey water) and total water consumption 
for the three sites are determined and given in Table 6.3.
Table 6.3 Water consumption and wastewater generated at Sites 1-3
Flow Flow, L/d Flow, L/capita.d
Site Average Site Average
“ 2 1 2
W ater consumption
Washing machine 309 282 330 307 34 30 55 40
Shower 90 - - 90 10 - - 10
Bath - - - - - - - -
Basin - - - - - - - -
Kitchen cold water 89 - - 89 10 - - 10
Hot water 138 166 279 194 15 18 47 27
Air conditioner 5 545 785 445 1 59 131 63
Water closet 218 71 94 128 24 8 16 16
Garden tap 262 126 356 248 29 14 59 34
Shower block 807 1343 1316 1155 90 144 219 151
Laundry sink and losses 429 730 807 655 48 78 135 87
Total outdoor usage 691 856 1163 903 77 92 194 121
Total 1592 2199 2573 2121 177 236 429 281
W astewater
Combined wastewater 896 797 954 882 100 86 159 115
Black water 218 71 94 128 24 8 16 16
Grey water 678 726 860 755 76 78 143 99
Note: Laundry sink and losses reported above are obtained by subtracting from the total water 
consumption, the water consumed by the shower block, garden tap, air conditioner and kitchen cold tap at 
Site 1. At Sites 2 and 3, are obtained by subtracting from the total main, the water consumed by the 
shower block and garden tap. For all three sites, the total outdoor usage is obtained by adding the water 
consumed by garden tap, and laundry sink and losses. Refer to Figure B.2 for details on the arrangement of 
water meters.
In Table 6.3, the flow measurements were taken over a period of 52, 54 and 44 days of 
water usage, and the flow per capita is calculated on an average population of 9,9.3 and 6 
per household, for Sites 1, 2 and 3, respectively. Table 6.3 indicates the following:
• High average water consumption of 281 L/capita.d is observed. This is higher than the 
212 L/capita.d observed in Phase 1 and 120 L/capita.d reported by Pholeros et al. 
(1993).
• The average wastewater generation rate observed is 115 L/capita.d (16 and 99 
L/capita.d are generated as black and grey water, respectively). The wastewater flow 
rate here is almost of the same magnitude of total water consumption reported by 
Pholeros et al. (1993). This variation is greatly influenced by the population mobility 
and user habits.
6.3
Chapter 6-  Phase 3: Performance Evaluation of Trial Designs
The percentage contribution of various plumbing fixtures to the total water consumption is 
quantified in Table 6.4. This will help in identifying the user pattem/habits and comparing 
the same with urban conditions.
Table 6.4 Percentage contribution of wastewater at different plumbing fixtures
Flow components, % Design Remote
average
Urban+
average1 2 3
Water consumption
Washing machine 19 13 13 15 11
Shower 6 - - 6 13
Bath - _ _ _ 2
Basin - - - - 2
Kitchen cold water 6 - - 6 4~
Hot water 9 8 11 9 -
Air conditioner 0 25 31 19 -
Water closet 14 3 4 7 15
Garden tap 16 6 13 12 -
Shower block 51 61 51 54 -
Laundry sink and losses 27 33 32 31 -
Total outdoor usage 43 39 45 42 53
Total 100 100 100 100 100
Wastewater
Black water (% of wastewater) 24 9 10 14 30
Grey water (% of wastewater) 76 91 90 86 70
Wastewater into CSTS (% of water consumed) 57 36 37 43 47
Note: + - Brisbane average domestic wastewater usage, adopted from Jeppesen and Solley (1994); and ++ - 
Average value here is for the combined kitchen cold and hot water. In this table the losses in urban areas 
refer to the water consumed by the garden taps (primarily) and/or leaking fixtures, and those in remote 
areas refer to the water consumed by unaccounted and/or leaking fixtures. Refer to Figure B.2 for details 
on the arrangement o f water meters.
From Table 6.4, the following observations can be made:
• 43% of total water consumption is transformed to wastewater. This percentage is 
slightly lower than urban conditions (47%). This information is of great importance in 
sizing the proposed CEDS in Pipalyatjara community.
• similar to Phase 1, the highest water consumption rates are those related to air 
conditioner, garden tap and washing machine usage. Air conditioners consumed about 
19% of the total which is of the same magnitude observed in Phase 1.
• 14% and 86% of the wastewater is black and grey water, respectively. The percentage 
of black water, although slightly higher than that observed in Phase 1, is still 
significantly lower than that of urban community (30%). The variation here could be 
attributed to climatic as well as cultural differences between urban communities and 
remote Aboriginal communities.
• 0% air conditioner water consumption at Site 1 is due to malfunctioning of air 
conditioning.
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• 42% reported for the total outdoor usage (being for water consumed by garden taps, 
laundry sink and losses) in Pipalyatjara is lower than that of urban areas (being 
primarily for water consumed by garden taps). This indicates that users in remote 
Aboriginal communities use less water for gardening.
Generally, the variations in water consumption and wastewater flow rates appear to 
fluctuate considerably as indicated in Table 6.5. The table also shows the design flow 
rates estimated for each site. Further details on water consumption records, average daily 
flow and variations at various plumbing fixtures can be found in Tables E .l - E.3 
(Appendix E).
Table 6.5 Fluctuations of water consumption and wastewater flow rates
Parameter Flow, L/d
Range 85th percentile
Site 1 2 3 1 2 3
Water main 290 - 4066 12 - 6843 226 - 6085 - - -
Black water 0 - 1904+ 0-214 0-189 251 168 141
Grey water 0-2331 0 - 2936 0-2919 1006 1147 1582
Total wastewater 0-2544 0-3044 0 - 3061 1257 1315 1723
Note: + - High flow rate is due to leaking toilet flush system (observed and repaired).
Table 6.5 was used to calculate the maximum wastewater flow rates per capita at each 
site. These account to 283, 327 and 510 L/capita.d for Sites 1, 2 and 3, respectively. 
These were obtained using the average population load per household given in Table 6.2. 
Although the maximum flow rates cannot be used in sizing a septic tank, they do indicate 
undersized septic tank capacity at Site 2.
The design flow rates as in Table 6.5 are calculated statistically taking into consideration 
wastewater flow distribution during the monitoring period. The selection is made in such 
a way that the design flow rate is greater than or equal to the daily average flow for 85% 
of the time. This is estimated at 189 L/capita.d and is found to be higher than the 150 
L/capita.d specified by SAHC (1995) or that experienced in Phase 1. Again, this is a clear 
indication of the high occupancy rate which requires consideration of a larger septic tank 
at Site 2. A suggested minimum septic tank capacity of 4300 L as that installed at Site 3 
can be adopted in future septic tank installations.
Diurnal variations. As shown in Figures 6.1 - 6.5, the short-term variations in water 
and wastewater flow rates observed at the three sites follow the typical diurnal pattern. 
These variations seemed to be quite variable from one site to another. The water flow at a 
given time of the day, as in Figures 6.1 - 6.5, is the average of all water flow 
measurements at the same time of the day over the monitoring period. It should be noted 
that for all sites, water consumed by air conditioners does not drain into the septic tanks.
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As such, Figures 6.1 - 6.5 may indicate some variations between water and wastewater 
consumption patterns.
Figure 6.1 Hourly variation in domestic water consumption flow rates at each site
Figure 6.2 Hourly variation in domestic wastewater flow rates at each site
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Figure 6.3 Hourly variation in domestic black water flow rates at each site
Figure 6.4 Hourly variation in domestic grey water flow rates at each site
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Figure 6.5 Hourly variation in average water consumption and 
domestic wastewater flow rates at all sites
Some of the observations on water and wastewater flow patterns, as given in Figures 6.1
- 6.5, are noted below:
Water consumption (Figure 6.11
• Unlike the urban conditions and Site 1, the water consumption at Sites 2 and 3 showed 
one peak. The peak flow for Site 2 occurred between 9:00 am and 1:00 pm and for Site 
3 , it occurred in the afternoon between 1:00 pm and 5:00 pm, and
• the water consumption at Sites 2 and 3, observed in the early morning, between 1:00 
am and 5:00 am (when occupants are expected to be asleep) are mainly those 
consumed by air conditioners. However, the flow pattern at Site 1 did not share the 
same variation due to a malfunctioning of air conditioning system.
Wastewater (Figures 6.2 - 6.5)
• The occurrence of peak flow, as shown in Figure 6.2, may vary from one site to 
another. Generally, there are two peaks for Sites 2 and 3 compared to only one peak 
for Site 1. The first peak flow for Sites 1 and 2 occurred between 9:00 am and 1:00 pm 
and for Site 3, it occurred between 1:00 pm and 5:00 pm. The second peak wastewater 
flow for Site 2 occurred between 5:00 pm and 9:00 pm and for Site 3, it occurred 
between 9:00 pm and 1:00 am. The difference can be explained from the black and 
grey water flow patterns, shown in Figures 6.3 - 6.4, where the variations can be
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directly related to the mobility of people at Site 3. The occupants at this site may have 
the habit of leaving the house most of day and using the toilet and doing their washing 
upon returning home at night. Alternatively, visitors may have had access to the toilets 
and to the laundry. The wastewater flow rate at Site 1, as shown in Figure 6.2, did not 
follow the same pattern as in other sites. This site has the highest peak flow compared 
to Sites 2 and 3. This may be attributed to occupants' mobility where use of laundry 
and toilets is mainly concentrated between the early morning and afternoon hours. This 
can be observed from the black and grey water flow patterns shown in Figures 6.3 - 
6.4. The peak wastewater loading rate at Site 1 would have some effect on the 
performance of the system. Generally, the wastewater flow pattern at Sites 2 and 3 
appears to conform with that of an urban household, which evidently exhibits 2 peaks 
in the diurnal pattern of wastewater,
• Figure 6.3 clearly indicates high water consumption in the toilet at Site 1. This was 
later found to be due to toilet leakage in the flush system (due to a rubber seal problem) 
rather than to occupants flushing the toilet. The leak, although noted and repaired, re­
occurred intermittently,
• similar to water consumption, the wastewater flow rates observed at all 3 sites follow 
diurnal pattern. Generally, the average peak wastewater flow at all 3 sites occurs 
between 9:00 am and 1:00 pm (Figure 6.5),
• the majority of wastewater is generated as grey water (Figure 6.5), and
• the minimum wastewater flow into the septic and/or filters occurs during the early 
morning hours when water consumption is the lowest (between 1:00 am and 9:00 am).
Generally, it can be concluded that, based on the diurnal pattern of flow variations, the 
wastewater flow from the remote Aboriginal communities is significantly different from 
that of urban communities, and in agreement with the observations made in Section 4.4.
6.1.4 Wastewater characteristics
The results of water quality parameters generated from 171 samples collected between 
Nov. 98 and Feb. 99 as described in Section 3.4.3.3 are discussed in this section. The 
samples at different sampling locations were characterised with respect to various water 
quality parameters, and the average values are given in Tables 6.6 - 6.8. In these tables, 
the sampling points vary from one design to another. Actual location of sampling points 
is explained in Section 3.4.3.3.I. The raw data on water quality parameters, as measured 
on each sampling round, can be found in Tables E.4 - E.6 (Appendix E).
Discussions of some of the water quality parameters (pH, DO, temperature, faecal 
coliform, nitrate and nitrite nitrogen, oil, phosphorus and SAR) are given. Other
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parameters such as SS, TS, BOD and COD are discussed while evaluating the 
performance of each design.
In evaluating the performance of each design, only the main process parameters are 
considered. These include the diurnal variations of pollutant concentrations and influent 
flow, as well as determination of the final effluent quality and removal of each design. 
The main water quality parameters, such as SS, TS, BOD and COD, and removal 
achieved at each of the design components are given in the following order:
Design 1
• Black water tank influent quality, pollutant diurnal variations and removal, and
• Grey water tank and aerobic filter tank influent quality, pollutant diurnal variations 
and removal.
Design 2
• Raw black and grey water and combined influent quality, pollutant diurnal variations 
and removal, and
Design 3
• Raw black and grey water and combined influent quality, pollutant diurnal variations 
and removal.
6 .1 .4 .1  Design 1-wastewater quality
The wastewater quality results for Design 1 are given in Table 6.6, which indicates the 
following:
• Influent temperatures varied between 23 and 34 °C and were therefore within the 
typical values for optimum bacterial activities.
• pH values of both influent and effluent were within the typical range of 6.0-8.5. As 
such there is no indication of the presence of organic acids in the final effluent.
• During the first 4 weeks after commissioning, DO concentrations in the aerobic filter 
effluent (Point IH) were very low, thus indicating poor air circulation in the filter. To 
improve the ventilation, a whirlybird was installed and DO increased slightly in the 
final effluent, however, DO concentrations remained between 0 and 1.1 mg/L.
• DO in the black water effluent varied between 0 and 0.5 mg/L. This is acceptable as the 
treatment in the black water system was primarily anaerobic.
• As effluent DO was low and BOD remained high in the grey water system, forced 
ventilation of the 400 L aerobic filter tank may have to be employed. This is to control
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the direction of air movement through the aerobic filter which may be upward, 
downward, or stagnant. The direction of the air movement depends on the relative 
temperature of the ambient air and wastewater trickling through the filter media (Ponte 
and Miller, 1995; and Metcalf and Eddy Inc., 1991). As the concept of forced- 
ventilation is used in deep trickling filters (6-12 m), investigation on its feasibility for 
shallow filters may have to be considered. Generally, a forced-ventilation unit should 
provide a minimum air flow of 0.3 m3/m2.min of filter area (Metcalf and Eddy, Inc., 
1991).
• Faecal coliform (FC) in the influent grey water was 22% lower than that of the black 
water. The bacterial contamination, however, decreases towards the effluent side by 
88% and 45% for the black and grey water systems, respectively. Overall, FC in the 
combined influent was well within the influent typical range. Also, the bacterial 
removal of the combined system was estimated at 57%. The lower bacterial removal 
rate in the grey water system may have resulted from either the high bacterial 
concentrations in influent grey water, or the use of excessive amount of cleaning 
products which could reduce and/or impair the biological treatment within the grey 
water tank.
• In the grey water system, most of the nitrogen remained in the form of nitrite and 
therefore nitrification does not appear to be prominent. The low nitrate nitrogen (NO'3- 
N) concentration in the final effluent could have resulted from the lack of oxygen in the 
aerobic filter. Again, this may have occurred as a result of solids carryover from the 
anaerobic filter (sloughing) and accumulation of biological sludge in the aerobic filter 
tank just below the tank outlet (similar to Phase 2).
• Oil concentrations in the effluent exceeded those of influent grey water. This could be 
caused by carryover of the slime layer from the anaerobic filter. However, high oil 
concentrations in effluent were only observed at this site.
• The majority of phosphorus (P) was generated in the black water stream (0-13 mg/L), 
thus indicating that the detergent or cleaning agents used by the residents are low in 
phosphorus. The influent grey water P concentrations varied between 0.2 and 10.4 
mg/L. Overall, the black and grey water systems released into the soakage trench an 
average P concentration of 9.1 and 5.7 mg/L, respectively.
• Sodium absorption ratio (SAR) in the black and grey water effluent was 2.3 and 3.7, 
respectively. This is not considered to be a problem as SAR is less than 8 (Laak, 
1986).
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Table 6.6 Design 1-water quality parameters at various sampling points
Parameter
Sampling Points
I II I+II III IV III+IV V
Influent 
black water
Influent 
grey water
Combined
influent
Grey water 
tank effluent
Black water 
tank effluent
Combined
effluent
2nd chamber of 
grey water tank
Flow , L/d 218 678 896 678 218 896 678
pH 8.1 7.8 7 .8 7 .5 8 .0 7 .6 6 .8
Tem p, °C 28 29 29 28 28 28 29
EC, ps/cm 1557 1375 1419 1109 1551 1216 1131
Ca, m g/L - - - 102 128 108 135
M g, m g/L - - - 212 310 236 233
Na, m g/L - - - 187 403 239 461
DO, mg/L 3 .7 2.3 2 .7 0 .5 0 .7 0 .6 0
Turbidity, FTU 369 271 295 265 175 243 175
SS, m g/L 648 296 382 272 141 240 101
TS, m g/L 1991 1913 1932 1345 1125 1291 1127
TDS, mg/L 1343 1617 1550 1073 984 1051 1026
Sodium absorption ratio (SAR) - - - 2 .3 3 .7 2 .7 4.1
BO D5, m g/L 510 795 725 337 167 295 338
COD, mg/L 1302 1454 1417 532 400 499 540
COD/BOD5 ratio 2 .6 1.8 2 .0 1 .6 2 .4 1.7 1 .6
Nitrate nitrogen (NO 3 - N), mg/L 4 .4 5.1 4 .9 1.2 3 .0 1.6 2 .5
Nitrite nitrogen (NO '2 - N), mg/L 4 .6 8 .0 7 .2 8 .2 3 .6 7.1 7 .8
Total phosphorus (P), m g/L 8.7 3 .2 4 .5 5 .7 9.1 6 .5 5 .6
Surfactant, mg/L - 0 .7 0 .6 0 .4 - 0 .3 -
Oil, mg/L - 3 .2 2 .4 55 .3 2 .0 4 2 .4 0 .0
Faecal coliform, cfu/lOQmL 4.00E +07 3.28E +07 3.45E +07 1.82E+07 5.00E +06 1.50E+07 3.80E +06
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Table 6.7 Design 2-water quality parameters at various sampling points
Parameter
Samplinj1 points
---------1-------- — n — — i+ n III IV
Influent 
black water
Influent 
grey water
Combined
influent
2nd chamber of 
septic tank (above 
floating media)
Septic tank 
effluent
Flow, L/d 71 726 797 797 797
pH 7.8 7.1 7.1 6.8 7.6
Temp, °C 28 31 31 31 28
EC, |is/cm 1638 1158 1200 1492 1447
Ca, mg/L - - - - 453
Mg, mg/L - - - 450 173
Na, mg/L - - - 416 214
DO, mg/L 4.8 0.6 0.9 0.0 0.0
Turbidity, FTU 506 248 271 298 270
SS, mg/L 1121 315 387 233 145
TS, mg/L 2888 1636 1748 1442 1330
TDS, mg/L 1767 1321 1361 1209 1185
Sodium absorption ratio (SAR) - - - 4.2 4.6
BOD5, mg/L 887 786 795 438 338
COD, mg/L 2093 1289 1360 785 529
COD/BOD5 ratio 2.4 1.6 1.7 1.8 1.6
Nitrate nitrogen (NO 3 -  N), mg/L 9.3 6.0 6.3 0.0 0.0
Nitrite nitrogen (NO’2 - N), mg/L 3.7 7.5 7.2 6.0 3.9
Total phosphorus (P), mg/L 8.8 3.6 4.1 9.0 8.9
Surfactant, mg/L - 1.8 1.6 1.1 -
Oil, mg/L - 19.2 12.1 4.0 2.0
Faecal coliform, cfu/100mL 2.02E+07 8.04E+07 7.51E+07 2.23E+07 3.88E+07
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Table 6.8 Design 3-water quality parameters at various sampling points
Parameter
Sampling points
I II I+ II III
Influent 
black water
Influent 
grey water
Combined
influent
Septic tank 
effluent
Flow, L/d 04 — m — — m — — m —
PH 7.9 7.4 7.4 7.7
Temp, °C 26 29 29 29
EC, ps/cm 2079 1276 1355 2087
Ca, mg/L - - - 240
Mg, mg/L - - - 420
Na, mg/L - - - 537
DO, mg/L 4.0 1.9 2.1 0.1
Turbidity, FTU 362 1335 1239 206
SS, mg/L 1134 774 809 138
TS, mg/L 3109 3648 3595 1787
TDS, mg/L 1974 2874 2786 1649
Sodium absorption ratio (SAR) - - - 4.8
BOD5, mg/L 866 1068 1048 396
COD, mg/L 2086 4077 3881 796
COD/BOD5 ratio 2.4 3.8 3.7 2.0
Nitrate nitrogen (NO 3 - N), mg/L 8.7 3.9 4.4 8.2
Nitrite nitrogen (NO 2 - N), mg/L 8.6 7.0 7.2 17.3
Total phosphorus (P), mg/L 9.2 3.7 4.3 9.3
Surfactant, mg/L - - - -
Oil, mg/L - 4.8 4.3 13.5
Faecal coliform, cfu/lOOmL 4.39E+07 3.43E+07 3.52E+07 7.83E+06
6 .1 .4 .2  Design 2-waste water quality
The wastewater quality results for Design 2 are summarised in Table 6.7, which indicates
the following:
• Influent temperatures varied between 31 and 34 °C and were therefore within the 
typical values for optimum bacterial activities.
• pH values of both influent and effluent were within the typical range of 6.0-8.5 
(similar to Design 1)
• DO concentrations in the aerobic filter effluent (Point IV) were very low (0-0.1 mg/L), 
thus indicating poor air circulation in the filter (similar to Design 1). However, a 
whirlybird was not installed at this site.
• Faecal coliform (FC) in the influent grey water was 75% higher than that of black 
water. In the combined influent, FC was well within the typical range. Although 
contamination decreased towards the effluent side by 48%, the bacterial load in the
6.14
Chapter 6-  Phase 3: Performance Evaluation of Trial Designs
final effluent exceeded the level found in the second compartment of the septic tank by 
43% (compared to decrease by 45% in grey water tank of Design 1). This effluent 
bacterial level may be attributed to solids carryover from the second chamber (similar 
to Design 1).
• As average effluent DO was zero and BOD remained high in Design 2, forced- 
ventilation of the 1100 L aerobic filter tank may have to be employed (similar to Design 
1).
• Most of the nitrogen remained in the form of nitrite and therefore nitrification does not 
appear to be occurring.
• Oil concentration decreases towards the effluent side and was much lower than the 
combined effluent concentration encountered in Design 1. As such the design was able 
to retain the majority of accumulated grease and fats within the system. One of the 
interesting advantages here is the capability of a combined wastewater system as in 
Design 2, via the floating scum in the septic tank, to prevent fats and grease from being 
discharged excessively into the disposal area. During inspection, the scum produced in 
the combined wastewater system (Design 2) was found to be thicker than that in the 
first compartment of the grey water tank of Design 1.
• Similar to Design 1, most phosphorus (P) was generated in the black water stream 
(1.6-11.7 mg/L). The influent grey water P concentrations were between 0.4 and 10.6 
mg/L. Overall, Design 2 released an average P concentration of 8.9 mg/L into the 
soakage trenches.
• Sodium absorption ratio (SAR) in the effluent of the aerobic filter was 4.6 and is not 
considered to be a problem as SAR is less than 8 (Laak, 1986).
6 .1 .4.3 Design 3-wastewater quality
The wastewater quality results for Design 3 are presented in Table 6.8, which indicates
the following:
• pH and influent temperatures were within the typical values for optimum bacterial 
activities.
• DO concentrations in the effluent (Point ID) were similar to those found in Design 2.
• Faecal coliform (FC) in the influent grey water was 22% higher than that of black 
water. FC in the combined influent was well within the typical range. Overall, 
contamination decreased towards the effluent side by 78% (highest removal out of all 
three designs).
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• Most of the nitrogen remained in the form of nitrite and therefore nitrification does not 
appear to be prominent. The nitrate (NO'3-N) and nitrite (NO'2-N) nitrogen 
concentrations were the highest among all three designs. Effluent nitrate nitrogen 
concentrations were 81% and 100% higher than the effluent concentrations in Designs 
1 and 2, respectively. It should be noted that higher COD were also observed at Site 3. 
This may be attributed to the use of excessive amount of cleaning products by the 
residents at Site 3.
• Although oil concentration increased towards the effluent side, this was less 
concentrated than the combined effluent in Design 1. Generally, the variations in oil 
concentrations in the final effluent between all three designs could be attributed to the 
difference in the family diet at each house.
• As observed in Designs 1 and 2, most of phosphorus (P) was contributed by the black 
water stream (0.2-17.5 mg/L). The influent grey water P concentrations was between 
0.9 and 10.7 mg/L. Overall, the effluent from Design 3 contained an average P 
concentration of 9.2 mg/L.
• Sodium absorption ratio (SAR) in the septic tank effluent was 5 and as discussed in 
Designs 1 and 2, it is not considered to be a problem.
6.2  Performance Evaluation of Design 1
6.2 .1  Black water system
Solids loading. As seen in Table 6.6, high SS and TS were observed in influent black 
water. The solids concentrations, although found to be lower than those observed in 
Phase 1, are 2.2 times and 1.7 to 5.7 times the typical SS concentration and TS range 
found in combined influent (Figures 6.6 - 6.7), respectively. High influent solids 
concentrations here may be attributed to one or a combination of the following factors:
• High number of occupants and/or visitors using the toilet,
• excessive use of toilet paper,
• water supply hardness contributing in high TS,
• occupants/children may not flush the toilet after each use, and
• flushing system may not be working properly and samples may be concentrated.
Diurnal variations of solids. The diurnal variations of flow and solids concentrations, 
average influent and effluent, and typical values are shown in Figures 6.6 - 6.7.
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Figure 6.6 Diurnal variations of SS in the influent black water at Site 1
Figure 6.7 Diurnal variations of TS in the influent black water at Site 1
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Figures 6.6 - 6.7 indicate the following:
• As in urban areas, the toilet usage at Site 1 seemed to be high in the early morning 
hours between 5:00 am-9:00 am. At this time of the day, the first peak of solids were 
995 and 2559 mg/L for SS and TS, respectively. These were generated at a water 
consumption rate of 5.5 L/ h (flushing the toilet).
• Both SS and TS concentrations decreased between 9:00 am and 1:00 pm. Thereafter, 
solids level increased to reach 641 and 1994 mg/L for SS and TS, respectively.
• Continuous use of the toilet is evident by comparing flow and solids concentrations. 
Here visitors (observed while conducting the population surveys) may have access to 
the toilet, (eg., a group of women were seen in the backyard area of Site 1 actively 
involved in artefacts work).
Solids rem oval. Although, solids concentrations in influent black water were high,
effluent quality improved significantly and overall results indicate the following:
• The black water tank removed SS, TS and TDS with up to 92%, 58% and 42% and an 
average removal of 76%, 42% and 27% was achieved, respectively,
• although, TDS removal was limited to 27% with effluent concentrations of 984 mg/L, 
the majority of this concentration is due to the dissolved solids present in water supply 
(estimated at about 800 mg/L), and
• Figure 6.8 indicates that SS removal increased with the sampling round. This may be 
attributed to the reduction in the void space of anaerobic filter due to bacterial film 
growth, which in turn enhances the removal of solids.
corresponding to sampling rounds
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Organic loading. Table 6.6 indicates high organic loading in the black water tank. The 
average organic concentrations found are 510 and 1302 mg/L for BOD and COD, 
respectively. These are 1.7 and 1.5 higher than the typical values in influent black water 
for BOD and COD, respectively. The high organic concentrations here could be attributed 
to one or a combination of the following:
• Use of little water for toilet flushing,
• user diet, and
• discharge of food scraps in the toilet.
The community store manager reported to the author a large sale of disinfectant. This 
seems to be used by the community members for toilets and kitchen. To investigate the 
degree of the disinfectant interference in the high BOD and COD results, tests were 
carried out on a limited number of samples. The results indicate that the presence of 
disinfectant in water could give high COD with a little interference on BOD. However, 
soluble BOD in influent black water was estimated at 20% of the reported total BOD 
concentrations. This was determined by conducting BOD and COD tests on a limited 
number of filtered and unfiltered samples.
D iurnal variations of BOD and COD. The diurnal variations of flow and organic 
concentrations, average influent and effluent, and typical values are shown in Figures 6.9 
- 6.10.
Figure 6.9 Diurnal variations of BOD in the influent black water at Site 1
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Figure 6.10 Diurnal variations of COD in the influent black water at Site 1
Figures 6.9 - 6.10 indicate the following:
• Similar to solids loading, high organic concentrations were observed in the early 
morning hours between 5:00 am and 9:00 am. At this time of the day, the first peak of 
solids were 570 and 1757 mg/L for BOD and COD, respectively. The second peak of 
organic loading occurred between 5:00 pm and 9:00 pm. This indicates that, as 
expected, the peak concentrations of BOD and COD occur when the flow is low.
• Continuous use of the toilet is evident from the flow pattern and the variations in 
organic concentrations.
Organic rem oval. Generally, the black water tank produced high quality effluent and
overall results indicate the following:
• The black water tank removed up to 92% and 87% of BOD and COD with an average 
removal rate of 64% and 66%, respectively, and
• Figure 6.11 indicates that BOD removal generally increased with the sampling round, 
thus indicating an increase of biological activity within the septic tank. However, 
heavy rain accidentally entered the tank from Point I and flushed the system during the 
fifth round of sampling decreasing the biological activity within the tank. As a result 
the removal rate decreased after round 5.
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Figure 6.11 BOD removal in the black water tank and influent and effluent variations
corresponding to sampling rounds
The population load at any house within the community is unpredictable, as such typical 
values or the range of pollutants concentrations as given for urban areas do not apply. 
However, despite the high solids and organic loading rates, removal of pollutants by 
segregating the black water stream helped in reducing solids (76% removal) and organic 
matter (64% removal) carry over into the soakage trenches.
6 .2 . 2  Grey water system
Solids loading. As seen in Table 6.6, high solids concentrations was observed in 
influent grey water. This was estimated at an average value of 296, 1913 and 1617 mg/L 
for SS, TS and TDS, respectively. As such, the average SS concentration is just below 
the typical value and TS is 1.6-5.5 times the typical range found in the combined influent. 
Here, high solids in influent grey water could be attributed to the high level of salts in the 
drinking water.
The diurnal variations of wastewater flow rates indicate that 34-58% of the grey water is 
generated from the washing machines. As such, high solids concentrations in influent 
grey water are likely to be coming from that source. In analysing the effluents from the 
second compartment of the grey water tank and aerobic filter the following observations 
are made:
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• A black coloured deposit or slime layer was observed on the aerobic filter influent’s 
distribution tray even after 2-3 days of cleaning indicating significant solids carryover 
into the aerobic filter,
• solids concentrations in final effluent (aerobic filter effluent) exceeded those 
concentrations found upstream from the filter in the second compartment of the grey 
water tank. The solids concentrations at Point III (grey water effluent), solids 
carryover at Point V (second compartment of grey water tank) and visual observations 
indicate sloughing of the slime from the anaerobic filter, and
• shearing of the slime deposit layer from the anaerobic filter was observed at 9:00 am 
and 1:00 pm sampling (fine black solids in effluent samples). At this time of the day, 
the use of the washing machine was intensive, and as such may cause the sloughing. 
To stop this process, the anaerobic filter may have to be removed. Alternatively, 
sloughing can be minimised by increasing the surface area of the anaerobic filter or the 
capacity of the grey water tank.
Diurnal variations of solids. The diurnal variations of grey water flow and solids 
concentrations, average influent and effluent, and typical values are shown in Figures 
6.12 - 6.13.
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Figure 6.12 Diurnal variations of SS in influent grey water at Site 1
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Figure 6.13 Diurnal variations of TS in the influent grey water at Site 1
As in urban areas, Figures 6.12-6.13 indicate that the generation of grey water at Site 1 
increased drastically in the early morning hours between 5:00 am and 9:00 am. The first 
peak of solids concentrations were 552 and 2343 mg/L for SS and TS, respectively. 
These were encountered at a grey water generation rate of 22 U  h. Between 9:00 am and 
1:00 pm lower solids concentrations were observed at a grey water generation rate of 80.5 
and 50 L/h for SS and TS, respectively. This clearly indicates that at higher flow rates the 
solids concentration is lower and vice-a-versa due to dilution.
Solids removal. Contrary to the black water tank, removal of solids in the grey water 
tank and the aerobic filter was relatively low. This was mainly due to high influent solids 
concentrations and grey water flow rates. Some of the observations are outlined as 
follows:
• Both the grey water tank and aerobic filter removed SS, TS and TDS with up to 73%, 
68% and 91% with an average removal of 0%, 28% and 31%, respectively,
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• although, average TDS removal was limited to 31% with effluent concentrations of 
1073 mg/L, the majority of this concentration is due to the dissolved solids present in 
water supply (estimated at about 800 mg/L), and
• Figure 6.14 indicates that SS removal increased with influent SS at low 
concentrations. However, at about 1000 mg/L SS removal rate decreased drastically. 
This was due to heavy rainfall infiltration. Although sampling of raw water was 
terminated on day 2 of round 5 and plug was inserted to block the grey water collection 
point, the plug failed and caused flushing of the grey water system. Plate 6.1 shows 
the solids carry over downstream from the grey water tank into the aerobic filter. The 
solids mainly consist of sheared slime deposits from the anaerobic filter and soil 
particles carried over by infiltrated rain water. The infiltration occurred at the joint 
between the aerobic filter risers. The effluent sample collected from the filter was 
almost pink colour and had low pollutants levels (Round 6/grab sample-Design 1). 
Upon inspection of Point II, the plug was found in a position which diverted the flow 
from Point II to the grey water tank, thus resulting in flushing of the system. 
However, when this was rectified, solids removal increased again after round 6.
Figure 6.14 SS removal in the grey water tank and influent and effluent variations
corresponding to sampling rounds
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Plate 6.1 Biofilm sheared-off from the anaerobic filter (grey water tank) and infiltration 
of rain water and soil particles into the aerobic filter
Organic loading. Table 6.6 indicates high organic loading in the grey water tank. The 
average organic concentrations found are 795 and 1454 mg/L for BOD and COD, 
respectively. These are slightly higher than the typical literature range for influent grey 
water. Generally, the high organic concentrations here could be attributed to one or a 
combination of the following:
• High use of the dishwashing liquid in the kitchen or laundry and thus interference of 
nitrogenous demand in BOD and COD results, and
• BOD is affected by soluble and particulate organic matter. By conducting BOD tests 
on a limited number of filtered and unfiltered samples at different sampling locations, 
as shown in Table 6.9, soluble and particulate BOD contributions are estimated. The 
results indicate that, although the majority of organic load into the grey water tank 
(63%) and aerobic filter (57%) is soluble, particulate BOD in the final effluent was 
prominent (64%). This implies that some of the solid particles consisting mainly of 
bacterial biomass, are passing through the aerobic filter.
6.25
C h apter 6- P h a se  3: Perform ance E valuation o f  Trial D esigns
Table 6.9 Soluble and particulate BOD observed in Design 1
Parameter
Influent
black
water
Influent
grey
water
Effluent from 
the aerobic 
filter of the 
grey water 
system
Effluent 
from the 
anaerobic 
filter of the 
black water 
tank
Effluent 
from the 
anaerobic 
filter of 
grey water 
tank
Sampling point I n III IV V
Soluble BOD, mg/L 567 219 71 130 8
Total BOD, mg/L 576 345 197 164 14
Particulate BOD, mg/L 9 126 126 34 6
Soluble BOD as % of total 98 63 36 79 57
Particulate BOD as % of total 2 37 64 21 43
Although the understanding of high organic in grey water is generally attributed to 
cooking and laundering, tests carried out on a limited number of influent grey water 
samples indicated that the dishwashing liquid is the major source of high COD 
concentrations. These were encountered, as shown in Table E.l (Appendix E), even 
when BOD concentrations were moderately low, thus indicating high usage of 
dishwashing liquid.
Diurnal variations of BOD and COD. The diurnal variations of grey water flow 
and organic concentrations, average influent and effluent, and typical values are shown in 
Figures 6.15 - 6.16.
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Figure 6.15 Diurnal variations of BOD in the influent grey water at Site 1
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Figure 6.16 Diurnal variations of COD in the influent grey water at Site 1
Similar to solids loading, Figures 6.15 - 6.16 indicate that the first peak of organic 
loading occurred in the early morning hours. The average concentrations were 1168 and 
2316 mg/L for BOD and COD, respectively. The second peak of organic loading occurred 
between 5:00 pm and 9:00 pm, and between 9:00 pm and 1:00 am for BOD and COD, 
respectively. This is in agreement with the inference derived from Figures 6.12 - 6.13. 
Higher flow rate results in lesser BOD concentration and vice-a-versa due to dilution.
O rganic rem oval. Generally, the grey water system (including the aerobic filter) 
produced high quality effluent and overall results indicate the following:
• The grey water system achieved a removal of up to 91% and 93% BOD and COD with 
an average removal of 50% and 58%, respectively, and
• Figure 6.17 indicates that BOD removal varied drastically in round 4 and immediately 
after round 6. Low BOD removal in round 4 may have occurred due to poor effluent 
distribution in the aerobic filter (slime deposits on distribution tray). Whereas, the 
decrease in BOD removal rate after round 6 may be attributed, as explained in solids 
removal, to the entry of rain water into the tank and flushing the system.
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Figure 6.17 BOD removal in the grey water system (downstream from the aerobic filter) 
and influent and effluent variations corresponding to sampling rounds
Overall performance of Design 1
The changes of SS and BOD concentrations through the different sampling locations, as 
shown in Figure 6.18, indicate poor performance of the aerobic filter. This may be caused 
by the carry over of solids from the anaerobic filter and/or improper distribution of 
wastewater across the aerobic filter.
Figure 6.18 SS, BOD and COD changes corresponding to sampling points
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6*3 Performance Evaluation of Design 2
Solids loading. The solids concentrations in influent black water, as given in Table 
6.7, are found to be significantly high. These, as compared to Site 1, are 1.7 and 1.5 
times higher in SS and TS, respectively. The solids concentrations in influent grey water 
were, however, lower than those generated at Site 1.
Overall, the SS and TS concentrations in the combined influent were estimated at 387 and 
1748 mg/L, respectively. As such, SS is within the influent typical SS range, whereas TS 
is 1.5 times the upper value of the TS typical range. This is once again due to the presence 
of higher levels of dissolved solids in the water supply.
The diurnal variations of wastewater flow rates indicate that 20 to 42% of the grey water 
is generated from the washing machines. In analysing the effluents from the second 
compartment of the septic tank and aerobic filter the following observations are made:
• Similar to the aerobic filter in Design 1, a black coloured deposit or slime layer was 
observed on the aerobic filter influent distribution tray, even 2 to 3 days after cleaning, 
and
• solids concentrations in final effluent (aerobic filter effluent) were lower than those 
concentrations found upstream of the filter (eg., in the second compartment of the 
septic tank). Hence, the 1100 L aerobic filter improved the quality of septic tank 
effluent. This occurred despite the sloughing of the slime layer from the anaerobic 
filter. Consequently, by increasing the surface area of the aerobic filter, as in Design 2, 
the septic tank SS removal may be improved.
Diurnal variations of solids. The diurnal variations of solids concentrations in the 
influent (segregated and combined streams) together with the average solids 
concentrations of influent and effluent, and typical values are shown in Figures 6.19 - 
6.21. These figures and Table 6.7 indicate the following:
• Similar to Site 1, solids concentrations were the highest in the early morning hours 
between 5:00 am and 9:00 am. At this time of the day, the first peaks of solids in the 
combined influent were 557 and 2568 mg/L for SS and TS, respectively. These were 
generated at a water consumption rate of 44 L/h (combined influent).
• The majority of solids between 5:00 am and 9:00 am were generated in the toilet. The 
SS and TS in the influent black water were estimated at 1116 and 3358 mg/L, 
respectively. During this time, the grey water solids contribution was estimated at 513 
and 2477 mg/L for SS and TS, respectively. These solids were generated at black and 
grey water flow rates of 4.5 and 39.5 L/h, respectively. This indicates that the higher 
solids concentration in black water is due to lower flow rates. Thus it can be
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interpreted that the amount of water used in toilet flushing could be very low which is 
also in agreement with the earlier inference made in Section 6.2.2.
• Similar to the observations in Phase 1, between 1:00 am and 5:00 am (people were 
expected to be asleep), SS concentrations at Site 2 was relatively high compared to Site 
1. As the wastewater flow was at the lowest during this time (6 L/h), the high SS 
concentrations at Site 2 may be attributed to user patterns such as use of the toilet 
numerous times before flushing.
• Overall, the average influent SS was well within the influent SS typical range (240­
600 mg/L). Whereas, the average influent TS was outside its typical range (350-1200 
mg/L). The reason for this is explained elsewhere.
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Figure 6.19 Diurnal variations of SS and TS in the influent black and grey water at Site 2
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Figure 6.20 Diurnal variations of SS in the combined influent at Site 2
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Figure 6.21 Diurnal variations of TS in the combined influent at Site 2
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Solids removal. The variations in the combined influent SS concentrations and the 
removal of Design 2 are shown in Figure 6.22.
variations corresponding to sampling rounds
Generally, the combined removal of solids achieved by the septic tank and the aerobic 
filter varied between 36% and 80% as shown in Figure 6.22. This was accompanied by 
occasional lower performance, which may be attributed to solids carryover from the 2nd 
chamber as shown in Plate 6.2. The solids consisted of detached slime layers from the 
anaerobic filter as it was observed in Design 1 (Plate 6.1). Overall results indicate the 
following:
• Design 2 (septic tank and aerobic filter) removed SS, TS and TDS with up to 80%, 
36% and 31%, and with an average of 62%, 23% and 9%, respectively. SS and TS 
removal of the aerobic filter varied from 0 to 71% and 0 to 18% with an average of 
14% and 7%, respectively, and
• SS removal more or less followed the same pattern of influent SS.
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Plate 6.2 Solids carryover from the anaerobic filter into the aerobic filter
Organic loading. Generally, the organic concentrations of the black and grey water 
streams were high and could be attributed to the same reasons outlined in Design 1. 
However, high organic concentrations in each stream occurred with high SS and TS. This 
may indicate that the majority of organic load is in particulate form.
Table 6.7 indicates high organic loading in the combined influent. The average organic 
concentrations are 795 and 1360 mg/L for BOD and COD, respectively. These are 1.5 
and 1.4 times higher than the upper value of the typical range for the combined influent 
BOD and COD, respectively.
The BOD concentrations in influent black water, as given in Table 6.7, are found to be 
significantly high. These, as compared to Site 1, are 1.7 and 1.6 times higher in BOD and 
COD, respectively. Similar to solids loading, the organic concentrations in influent grey 
water were lower than those generated at Site 1. After conducting BOD tests on a limited 
number of filtered and unfiltered samples (12 samples), as given in Table 6.10, the results 
show that particulate BOD still constituted about 48% of the total BOD. As such, a 
filtration process may be useful for polishing the effluent. It should be noted, however, 
that the particulate BOD here is less than that observed in the effluent from the grey water 
tank in Design 1 (64%). This may be attributed to the difference in the nature of 
wastewater applied to each system and/or higher performance of Design 2 where an 
aerobic filter has been used.
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Table 6.10 Soluble and particulate BOD observed in Design 2
Param eter Influent black water
Influent 
grey water
Effluent 
from the 
anaerobic 
filter of 
the septic 
tank
Effluent 
from  the 
aerobic 
filter of 
septic tank
Sampling point -------- 1-------- — n— 111 IV“
Soluble BOD, mg/L 254 582 163 107
Total BOD, mg/L 833 918 398 207
Particulate BOD, mg/L 578 336 235 100
Soluble BOD as % of total 31 63 41 52
Particulate BOD as % of total 69 37 59 48
Higher particulate BOD in the anaerobic effluent does indicate the carry over of solids 
from the anaerobic filter. Soluble BOD in the final effluent is estimated at 50% of the 
reported BOD results, as such half of the organic concentrations in the aerobic filter 
effluent are in particulate form.
D iurnal variations of BOD and COD. The diurnal variations of wastewater flow 
rates and organic concentrations, average influent and effluent, and typical values are 
shown in Figures 6.23 - 6.25.
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Figure 6.23 Diurnal variations of BOD and COD in the influent black and grey water at Site 2
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Figure 6.25 Diurnal variations of COD in the combined influent at Site 2
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Diurnal variations of BOD and COD, as presented in Figures 6.23 - 6.25, indicate similar 
variations as those observed in the case of SS and TS. Generally, as the flow rate 
increases, the BOD and COD concentration reduces due to the dilution effect. However, 
there is one exception, in the early morning hours (1:00 am - 5:00 am) both the flow rate 
and BOD/COD concentrations decrease simultaneously. This can be attributed to no or 
very little domestic activity during this time.
Organic rem oval. Generally, the combined system (including the aerobic filter) was 
able to produce improved effluent quality as shown in Figure 6.26.
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Figure 6.26 BOD removal in Design 2 and the influent and effluent 
variations corresponding to sampling rounds
Similar to solids, the combined organic removal achieved by the septic tank and the 
aerobic filter may have been affected by solids carryover from the 2nd chamber as shown 
in Plate 6.2. Overall results (Figure 6.26) indicate that the effluent quality, except during 
the initial stages, improved consistently.
• Design 2 (septic tank and aerobic filter) managed to achieve BOD and COD removal 
with up to 77% and 68% with an average removal of 58% and 60%, respectively. The
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average BOD and COD removal of the aerobic filter were estimated at 21% and 29%, 
respectively, and
• BOD removal increased with either influent BOD at low or high concentrations.
The changes of SS and BOD concentrations through the different sampling locations, as 
shown in Figure 6.27, indicate satisfactory performance of the aerobic filter. However, 
this could be further improved by eliminating solids carryover from the anaerobic filter.
Figure 6.27 SS, BOD and COD changes corresponding to sampling points
6 .4  Perform ance Evaluation of Design 3
Solids loading. The solids concentrations in the influent black and grey water streams, 
as indicated in Table 6.8, are significantly high. SS and TS in influent black water are 1.7 
and 1.6 times those generated at Site 1, respectively. Also, SS and TS in influent grey 
water are 2.6 and 1.9 times those generated at Site 1, respectively. Generally, SS in the 
influent black water was higher than that of grey water, which is similar to the 
observations noted for Designs 1 and 2.
Overall, the SS and TS concentrations in the combined influent were estimated at 809 and 
3595 mg/L, respectively. As such, both SS and TS are outside the influent typical solids 
range. Overall, high influent solids concentrations could be attributed to the same reasons 
outlined for Designs 1 and 2.
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Similar to effluent obtained from the aerobic filters in Design 1 (downstream from the 
grey water tank) and Design 2 (downstream from the septic tank), the effluent contained 
fine solids generated by the detachment of biofilm from the anaerobic filter. These were, 
however, less concentrated and not as visible as Designs 1 and 2 effluents. It should be 
noted that the anaerobic filter here contained the Accupac CF-650, a modular medium 
with larger specific surface area than the Accupac CF -1200 used in Designs 1 and 2, and 
the septic tank is larger. The fine solids in effluent samples were particularly visible in the 
early morning hours when the use of washing machine is likely to be intensive.
Diurnal variations of solids. The diurnal variations of solids concentrations in the 
influent (segregated and combined streams) together with the average influent and effluent 
solids concentrations, and typical values are shown in Figures 6.28 - 6.30. As shown in 
these figures, the diurnal variations were similar to those in Designs 1 and 2.
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Figure 6.28 Diurnal variations of SS and TS in the influent black and grey water at Site 3
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Figure 6.29 Diurnal variations of SS in the combined influent at Site 3
Figure 6.30 Diurnal variations of TS in the combined influent at Site 3
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Overall, the average influent SS and TS were outside the solids typical range. High solids 
concentrations here may be attributed to the user patterns (eg., excessive use of detergent, 
access of visitors). It has been observed that the grey water generated at this site was very 
thick, creamy and contained granular matters. Also, a large number of visitors (more than 
15 people) was seen in the front yard area in more than one occasion which may therefore 
have contributed in the solids found in influent.
Solids removal. The variations in the combined influent and effluent SS concentrations 
and the removal achieved using Design 3 are shown in Figure 6.31.
Figure 6.31 SS removal in Design 3 and influent and effluent 
variations corresponding to sampling rounds
Generally, the removal of solids in Design 3 was higher than those achieved in Designs 1 
and 2. This could be attributed to the larger tank capacity (4300 L) which provided longer 
detention time and/or the anaerobic filter type and size (larger specific surface area). 
Although solids carryover from the 2nd chamber were observed in the samples collected 
in the morning, the samples were relatively clear. The wastewater application rate for the 
anaerobic filter in Design 3, based on 85th percentile of the flow, was estimated at 7270 
L/m2.d. This is 1.7 and 1.3 times higher than the application rate for the anaerobic filter in
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Designs 1 and 2, respectively. As such the performance of Design 3 may be affected by 
the longer detention time provided. Overall results indicate, as in Figure 6.31, SS removal 
rates between 67% and 90% with an average of 81%.
It should be noted that the detention time calculated based on 85th percentile of the 
wastewater flow rates is 2.1 d for Site 3. Whereas, the detention times in Designs 1 and 
2, were estimated at 1.6 and 1.8 d, respectively. Also, the average SS removal rate in 
Design 3 is 25% and 34% higher than the SS removal rates achieved in Designs 1 and 2, 
respectively.
O rganic loading. As for Designs 1 and 2, the organic concentrations of the black and 
grey water streams were high and could be attributed to the same reasons outlined earlier. 
Again, the high organic concentrations in each stream occurred with high SS and TS 
which indicate that the majority of organic load may be in particulate form. The average 
BOD and COD concentrations in the combined influent were 1048 and 3881 mg/L, 
respectively.
BOD and COD values at Site 3 were respectively higher by 1.3-1.9 and 2.7-3.8 times 
compared to the typical range and as well as those concentrations observed at Sites 1 and 
2 for combined influent.
The grey water samples collected from Site 3 were different (eg., thick jelly and 
containing granular matter). While preparing the COD vials for analysis, an immediate 
change in colour from light brown to dark green occurred even before the start of 
digestion and resulted in high COD values. The immediate change in colour was also 
noticed in analysing some of influent black water samples.
To investigate the reasons behind high BOD and COD, there was a need to assess the 
extent of organic contribution from the various cleaning products sold in the community 
store. As such, the store and sites were surveyed to identify the cleaning products used by 
the community members. The surveys were carried out with assistance of a local Anangu, 
Mr Owen Martin on 25/1/99 and 8/2/99.
After the surveys, a variety of products found in the community store (eg., detergent, 
bleach, softener, dishwashing liquid and disinfectants), as in Table 6.11, were collected 
and analysed for BOD, COD and phosphorus. The results of this investigation may apply 
to all sites and indicate the following:
• As indicated in Table 6.11, high COD values observed in the effluent could be due to 
excessive use of detergent, dishwashing liquid, etc.
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• Similar change in colour to that encountered while analysing the wastewater samples 
and consequently high COD concentrations occurred while analysing the COD of the 
dishwashing liquids and one type of disinfectant (Pine-O’Clean). Sunlight 
dishwashing liquid gave the highest BOD and COD estimated at 75 and greater than 
825 mg/mL, respectively. Trix dishwashing liquid gave the lowest BOD and COD 
concentrations estimated at 32 and greater than 330 mg/mL, respectively.
Table 6.11 Contribution of cleaning products in the pollutants concentrations
Product/N am e Found  at Site
House survey  
date
Prepared
sample b o d 5 COD P Supplier
Detergent
Cold power 1 & 2 8/2/99 3.2 g/L 22.8 mg/g 255.7 mg/g 2.7 mg/g A
Extra Blue 1 & 2 27/1/1999 & 8/2/99 2.5 g/L 11.2 mg/g 75.6 mg/g 0.4 mg/g F
Spree lemon fresh 2 8/2/99 3.2 g/L 4.1 mg/g 114.4 mg/g 2.3 mg/g A
Surf 3 18/1/99 3.2 g/L 9.1 mg/g 142.2 mg/g 2.9 mg/g B
Castle Excel 
Bleach
0ther+ 8/2/99 2.5 g/L - - - F
White King 
Softner
NF - 4.16 mL/L 1.2 mg/mL 24.5 mg/mL - E
Huggie
Dishwashing liquid
NF - 1.083 mL/L 45.2 mg/mL 548.5 mg/mL “ B
Sunlight NF - 20 mL/L 74.8 mg/mL >825 mg/mL - B
Morning fresh NF - 20 mL/L 108.8 mg/mL >825 mg/mL - D
Trix
D isinfectant
NF “ 20 mL/L 31.7 mg/mL >330 mg/mL “ C
Pine- O’Clean ++2 8/2/99 2.5 mL/L 44.8 mg/mL 2118.4 mg/mL - C
D0MEST0S NF - 1.42 mL/L 11.3 mg/mL 204.9 mg/mL - B
AJAX NF - - - - A
Notes: A -Colgate - Palmolive Pty. Ltd.; B- Lever Rexona; C- Reckitt & Colman; D- Cussons Pty. Ltd.; 
E-Kiwi Brands Pty. Ltd.; F-Campbell Consumer Product; + - This product was not available in the local 
store and occupants bought it from the store of a nearby community (Wingelina community store); ++ - 
Disinfectant observed on kitchen sink (half full); - : not measured; and NF - not found. COD and BOD 
values are expressed in terms of amount of oxygen consumed per unit weight or volume of the product.
The above discussion highlights the need for an education program to be carried out in the 
community to introduce septic tank friendly products into the community’s store and to 
educate the user on the adverse effects of excessive use of these products on the 
performance of CSTS.
Diurnal variations of organic load. The diurnal variations of organic 
concentrations in the influent (segregated and combined streams) together with the 
average organic concentrations of influent and effluent, and typical values are shown in 
Figures 6.32 - 6.34.
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Figure 6.32 Diurnal variations of BOD and COD in the influent black and grey water at Site
Figure 6.33 Diurnal variations of BOD in the combined influent at Site 3
6.43
C hapter 6- P hase 3: Perform ance E valuation  o f  T ria l Designs
9000
8000
7000
6000
5000
4000
3000
2000
1000
0
!
£
ao
A: Influent COD typical B: Average COD in septic
range: 250 - 1000 mg/L tank effluent: 796 mg/L
Figure 6.34 Diurnal variations of COD in the combined influent at Site 3
Figures 6.32 - 6.34 and Table 6.8 indicate the following:
• Similar to the diurnal variation of solids, BOD and COD were the highest between 5.00 
am and 9:00 am and between 9:00 pm and 1:00 am. This could be due to the excessive 
use of cleaning agents (eg., detergent) for washing both in the early morning and late 
in the evening. Hence the majority of the BOD and COD appears to be mainly due to 
the presence of these cleaning agents. This is, however, corroborated by the presence 
of high COD compared to BOD concentrations in the influent. The COD to BOD ratios 
of influent grey water were greater than those of influent black water. These varied 
from 1.8 to 6.5 and 1.9 to 3.5 for influent grey and black water, respectively, which 
are considered to be very high for domestic effluent.
• Both BOD and COD concentrations decreased between 9:00 am and 1:00 pm, this may 
be attributed to the low or no use of cleaning agents during this time.
Overall, there appears to be strong influence of cleaning agents usage on wastewater 
characteristics highlighting the need to educate store managers and users as explained
earlier.
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Organic removal. Generally, the combined system (including the aerobic filter) was 
able to produce improved effluent quality as shown in Figure 6.35.
Figure 6.35 BOD removal in Design 3 and the influent and effluent 
variations corresponding to sampling rounds
Generally, the organic removal in the septic tank as shown in Figure 6.35, was high and 
may be due to the reasons outlined in SS removal. Overall results indicate that the design 
removed up to 75% and 89% BOD and COD with the average removal rates of 58% and 
68%, respectively. The changes of SS and BOD concentrations through the different 
sampling locations, as shown in Figure 6.36, indicate the best performance among the 
other designs. The design performance could be further improved by eliminating solids 
carryover from the anaerobic filter. This can be accomplished by increasing the surface 
area of the anaerobic filter.
Figure 6.36 SS, BOD and COD changes corresponding to sampling points
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6  • 5 Overall Performance
Overall, Design 3 showed the highest performance, among all three designs, in solids 
removal (81%) while its BOD removal rate was similar to Design 2 (58%). This was 
achieved even when the average and 85th percentile hydraulic loading rates, as shown in 
Table 6.12, were the highest. It should be noted, however, that Design 3 could not be 
monitored over a longer period (ie., house became unoccupied due to cultural reasons) 
compared to Design 2. As such, Designs 2 and 3 which showed good performance in SS 
and BOD removal are considered feasible. Further, the black water system in Design 1 
showed high performance in SS and BOD removal while solids removal rates in the grey 
water system were relatively low. As such, Design 1 was not considered to be feasible.
Table 6.12 Evaluation of the wastewater application rates into the trial systems
D esign 1 2 3
Wastewater stream Grey B lack Combined Combined
Design components
3000L 400L 1620L 3000 L 1100L 4300L
septic tank 
grey water
grey water 
aerobic 
filter
black water 
septic tank
combined 
wastewater 
septic tank
aerobic
filter
combined 
wastewater 
septic tank
Filter details 
Type Anaerobic Aerobic Anaerobic Anaerobic Aerobic Anaerobic
Dimensions, mxm 0.78x0.3 0.85x0.7 0.475x0.46 0.78x0.3 1.45x0.85 0.79x0.3
Surface area, m2 0.234 0.595 0.219 0.234 1.233 0.237
Depth, m 0.3 0.3 0.3 0.3 0.3 0.3
Volume, m3 0.070 0.179 0.066 0.070 0.370 0.071
Flow (85th percentile), L/d 1006 1006 251 1315 1315 1723
Wastewater loading rate, L/m2.d 4299 1691 1149 5620 1067 7270
Removal range (average), % 
SS
Overall system 
0-73 (0) 41-92 (76)
Overall system 
36-80 (62) 67-90 (81)
BOD 0-91 (50) 28-92 (64) 41-77 (58) 35-75 (58)
Calculations of the wastewater application rates into the filters, as in Table 6.12, are 
explained in Appendix E.7.
6 . 6  General observations
Some of the observations noted during the monitoring period include:
• Poor wastewater distribution in the aerobic filters,
• sloughing of anaerobic filters, and
• lack of oxygen in the aerobic filter.
Flow distribution in aerobic filters
During the first 3 weeks after commissioning, poor wastewater distribution in the aerobic 
filters was observed in Designs 1 and 2 as only 20% of the filter surface area was 
exposed to wastewater. This was attributed to the material used for constructing the
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distribution trays (warping of the plastic trays) and poor flow distribution in the trays’ 
inlet channels. However, on 18th January 1999, the problem was remedied by bracing 
the bottom of the trays in both the 400 and 1100 L aerobic filter tanks. In addition, 
installation of weirs on the top of the distribution channels was carried out. These 
modifications improved the flow distribution significantly, and therefore overall 
performance of Designs 1 and 2 generally improved after these modifications.
The plastic trays appeared to be fragile for transport, handling and cleaning out 
operations. As such trays made of braced stainless steel or galvanised iron, is suggested.
Sloughing of slime layers in anaerobic filters
The anaerobic filters incorporated in the second compartment of each of the grey water 
tank (Design 1) and the modified septic tank (Design 2) were sloughing and releasing fine 
particles and slime from the biofilm accumulated on the walls of the filters. The release of 
these particles were observed in the effluent samples taken at 9:00 am and 1:00 pm. This 
may have contributed in the poor performance of aerobic filters installed downstream. In 
Design 3, the fine particles were also observed occasionally in the effluent samples 
collected at 9:00 am. However, the overall performance of Design 3 does not indicate 
significant effects of these particles on SS and BOD removal rates.
Although the release of the fine particles is a clear indication of the anaerobic filters’ 
exposure to high hydraulic load as given in Table 6.12, removing the anaerobic filters 
from the grey water tank (Design 1) or from the combined wastewater septic tank (Design 
2) may have to be considered in future trials. Overall it appears that there is a need for 
increasing the size of the septic tank.
In Designs 1 and 2 a strong smell (rotten egg smell), was noticed in the yard and in the 
effluent samples of the aerobic filters. This was a clear indication of the lack of air/oxygen 
circulation in the aerobic filters as described earlier. While forced-ventilation of the 
aerobic filters, as suggested earlier, could improve the designs performance, the inclusion 
of mechanical components in Designs 1 and 2 may not be desirable in the remote 
Aboriginal communities.
6 .7 Summary
Although the wastewater loading rate of the anaerobic filter in Design 2 was higher than 
that of Design 1, overall performance of Design 2 was higher. This may be attributed to 
the larger surface area of its aerobic filter and lower wastewater loading rate. 
Furthermore, the Bioblock medium at Site 2 may have performed better than Biosphere at
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Site 1. Overall the efficiency of the three designs in removing SS and BOD is given in 
Table 6.12.
Although high BOD removal rates were achieved in the black water system in Design 1, 
limited solids removal rates in the grey water system, as indicated in Table 6.12, were 
observed. Generally, the treatment achieved in Design 1, although satisfactory compared 
to Phase 1, may incur a higher cost associated with the construction of the black and grey 
water tanks and the aerobic filter. As such, Design 1 is not considered feasible.
Design 2 showed higher performance in the removal of SS and BOD compared to Phase 1 
and the grey water system in Design 1. As this design provides treatment for the 
combined wastewater and excavation is only needed for the septic tank and aerobic filter, 
the installation costs are expected to be lower than those of Design 1 where an additional 
tank for the treatment of black water stream is required. Consequently, Design 2 is 
considered feasible for installation in remote Aboriginal communities.
Design 3 exhibited higher SS removal (81%), although BOD was of the same magnitude 
as compared to Design 2 (58%), it could be presumed that the installation of a larger tank 
with at least 2 days detention time, as in Table 4.29, will substantially improve the 
effluent quality at a lower cost. As such, Design 3 is also considered feasible for 
installation in remote Aboriginal communities.
Overall, further investigation with a 3 compartment septic tank system, as in Design 2, 
should be continued in order to assess its usefulness more accurately. It may be 
interesting to evaluate the performance of an aerobic filter attached to Design 3. Further 
research and development in this area may make it a reality to achieve SS/BOD removal 
rates of 80-90% leading to a low cost domestic wastewater reuse system.
Further, detailed analysis of organic load in the raw wastewater indicated that the high 
BOD and COD load could be due to the excessive use of cleaning agents by the residents. 
Public education focusing on the reduction of usage of cleaning agents could be very 
useful in reducing the organic load escaping the septic tank. Thereby reducing the organic 
load being applied into the soakage trenches.
Chapter 6- Phase 3: Performance Evaluation of Trial Designs
6.48
Chapter 7
CONCLUSIONS AND RECOMMENDATIONS
7 .1  C onclusions
Conventional septic tank systems are used in the Pipalyatjara community for on-site 
domestic wastewater treatment/disposal. The poor status of Aboriginal health, high failure 
rate and ongoing maintenance associated with existing conventional septic tank systems 
(CSTS) installed in the Anangu Pitjantjatjara (AP) Lands highlighted the need for specific 
research into the evaluation of CSTS performance. The results indicate that with 
modifications to existing designs, septic tanks remain the most favourable, low cost 
technology available for the safe disposal of wastewater in remote communities.
Most of the past studies appeared to ignore the impacts of various factors (eg., social and 
cultural differences between urban and remote users) on the design of on-site wastewater 
management systems. Past studies in the AP Lands were primarily focused on surveys 
and therefore a need to collect comprehensive field data had emerged.
This research brought together the first wastewater characterisation study undertaken in 
Central Australian remote Aboriginal communities and applied field data to develop better 
designs. To identify the most appropriate wastewater treatment system and safe effluent 
disposal for remote Aboriginal communities, the research was carried out over 3 phases:
• Phase 1: Evaluation of existing conventional septic tank systems,
• Phase 2: Laboratory studies, and
• Phase 3: Installation of new systems and evaluation of their performance.
Important findings under each of these phases are presented in the forthcoming sections.
7 . 1 . 1  Phase 1: Evaluation of existing conventional septic tank 
systems
A detailed investigation of three existing CSTS in Pipalyatjara community was carried out 
in 1995/1996. This involved establishment of a monitoring program to:
• Characterise the influent wastewater,
• evaluate the performance of the existing septic tanks,
• evaluate the performance of the existing soakage trenches, and
• develop new or modified designs.
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Characterisation of influent wastewater. The range of pollutant concentrations 
observed in the raw wastewater, as given in Table 4.30, were generally higher than those 
observed for municipal effluents. The organic loading rate, indicated by BOD, was about 
2 times higher than typical BOD values from urban areas. In addition, SS in black water 
was about 3 times higher than typical SS values.
The hydraulic loading rates into the septic tanks were 2-5 times the wastewater flow 
expected in urban areas. Unlike urban conditions (2 peaks), the diurnal pattern of hourly 
wastewater flow variation showed one peak flow in 2 out of 3 sites, and for the average 
flows for all three sites, a single peak occurred between 1:00 pm and 5:00 pm (Figure 
4.3). Further, the peaking factor was within the typical range of 2-6 which are observed 
for flows from individual residences (Metcalf and Eddy Inc., 1991).
One interesting observation, however, was the black and grey water distribution, where 
8% and 92% of the wastewater is black and grey water, respectively. This distribution is, 
respectively, significantly different from the 30% and 70% distribution reported for urban 
conditions (Jeppesen and Solley, 1994). The variation here could be attributed to climatic 
as well as cultural differences between urban and remote Aboriginal communities.
Performance evaluation of existing septic tanks. The influent quality 
indicated that the solids and organic loading rates exceeded the design capacities. SS and 
BOD removal rates were estimated at 57% and 42%, respectively. These are considered to 
be low compared to removal rates of 70% and 60% for SS and BOD, respectively 
reported by Laak (1980). This may be attributed to differences in hydraulic and pollutant 
overloading. The overloading of existing septic tanks can be attributed to one or a 
combination of the following:
• Small tank capacity,
• population mobility and exceptionally large family sizes are not well accounted for by 
local codes or standards,
• excessive use of detergent, dishwashing liquid and other cleaning products, discharge 
of large objects such as rags, plastic and other non-degradable materials in the septic 
tank, and
• lack of appropriate maintenance.
Performance evaluation of soakage trenches. The septic tank effluent appears 
to have high concentrations of organic and suspended solids (BOD - 329 mg/L; SS - 145 
mg/L). These concentrations were found to be higher than the literature values for septic 
tank effluent (Table A.l) and similar to those of untreated municipal effluent. This may 
result in two main problems:
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• Clogging of soakage trenches, and
• groundwater contamination.
Clogging of the soakage trenches
Clogging may occur when wastewater application rates into the soakage trenches exceed 
LTAR, or when SAR is high or the septic tanks are producing highly concentrated 
effluent. The water depths monitored at Points V and VI (Figures 4.28 - 4.30) indicate 
increased ponding in the soakage trenches, especially at Sites 1 and 3 (Section 4.6.2). 
Also, comparison of actual wastewater loading rates into the soakage trenches with LTAR 
indicates that the overloading of soakage trenches occurred on many occasions. Overall, 
the wastewater loading rates exceeded the corresponding LTAR by 1.5 to 5 times.
Failure of soakage trenches can be attributed to:
• Poor septic tank effluent quality,
• insufficient effluent disposal area,
• percolation rates and long-term acceptance rates of effluent are not properly assessed, 
and
• poor effluent distribution in the soakage trenches.
Groundwater contamination
The high level of organic matter found in septic tank effluent increased the biological 
activity within the soakage trenches. In highly permeable soils adjacent to the soakage 
trenches, concentrated septic tank effluent has the potential to contaminate groundwater. 
From the limited data obtained, it appears that the groundwater in one of the bores was 
contaminated with faecal coliform.
Development of new or modified designs. The clogging of the soakage 
trenches can be solved by one or a combination of following:
• Increasing the size of the disposal area, and
• improving effluent quality by reducing the concentrations of organic matter and SS 
from the septic tank effluent through additional detention time in the tank (larger tank) 
and/or further treatment.
Providing a larger disposal area alone can be very expensive and in some cases (due to 
site restrictions) may not be possible. As clogging is primarily a function of effluent 
quantity, quality and soils’ mineral concentrations, increasing the size of disposal area 
cannot be a long-term solution. Clogging will eventually occur when effluent pollutant 
concentrations are high, therefore, a long-term solution can only be achieved by reducing
7.3
BOD and SS from the septic tank effluent. As such, further treatment of the effluent is 
necessary.
An effluent polishing process consisting of a media filtration system upstream of the 
septic tank outlet and/or downstream from the septic tank effluent has been suggested. 
This modification to the design can be applied either in a larger septic tank or in an 
existing 3000 L tank. A larger tank will sustain high hydraulic loading which occurs due 
to population mobility. In addition, providing an appropriately sized disposal area would 
ensure trouble-free operation of the on-site wastewater disposal system. Consequently, 
three different designs were recommended and subsequently tested both in the laboratory 
and in the field. The three systems tested were:
1. Segregation of wastewater into black and grey water streams and treatment with septic 
tanks and anaerobic and aerobic filters. The sizes of the black and grey water tanks 
were 1600 and 3000 L, respectively.
2. Combined wastewater treatment with a standard 3000 L septic tank, and anaerobic and 
aerobic filters.
3. Combined wastewater treatment with a 4300 L septic tank and an anaerobic filter.
7.1.2 Phase 2: Laboratory studies
Phase 1 identified the need for design modifications to improve the quality of septic tank 
effluent and thus reduce clogging of the disposal area. In this Phase, the three new 
designs, proposed earlier, were subjected to laboratory evaluation and further 
development. This includes examination of the polishing process incorporated in the 
designs and selection of appropriate filtration medium.
Performance of plastic media
The performance of two filter plastic media, Bioellipse and Accupac, was evaluated in a 
laboratory setup to optimise the filter dimensions and examine the suitability of the 
filtration medium to polish septic tank effluent in the trial designs. The Bioellipse 
medium, packed randomly in 2 columns at different depths, was investigated as aerobic 
filter while Accupac medium was investigated in 3 columns and in pilot tank as aerobic 
and anaerobic filters, respectively. The experimental results were then compared with 
predictions obtained using existing mathematical models.
BOD removal by the anaerobic filter, using the Accupac (CF -1200) media, was limited to 
8%. Due to the sloughing of biomass from the anaerobic filter, it would be ideal to restrict 
its size to 300 mm or less in depth and enlarge its surface area. This is to keep the distance 
between the bottom of the filter and intermediate baffle opening as great as possible, thus 
ensuring better distribution of effluent across the filter.
Chapter 7 -  Conclusions and Recommendations
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Bioellipse medium in columns, although some clogging was observed, was capable of 
achieving high pollutant removal of up to 96% and 83% for SS and BOD, respectively. 
The clogging was mainly due to feeding the Bioellipse columns with raw wastewater 
from the grit chamber. However, to avoid any risk of clogging, alternative medium was 
considered in the trial designs.
The SS removal by Accupac medium, as an aerobic filter, was estimated at 40% and 52% 
in the pilot tank and columns, respectively. BOD removal was, however, limited to 16% 
and 26%, respectively. Again, low SS and organic removal by Accupac medium 
prompted the selection of alternative medium in the trial designs. Although by increasing 
the depth of the aerobic filter BOD removal was improved, filters deeper than 450 mm are 
associated with high installation costs (due to deeper soakage trenches) and therefore are 
not favourable.
Modeling of laboratory performance using existing models
The results showed that different plastic medium have different removal rate constant 
values. In addition, for the same medium, different models gave different removal rate 
constant values.
It was found that Howland (1958) and Sinkoff (1959) models could be used in predicting 
the performance of Bioellipse medium. For these models, the average absolute percentage 
errors (AAPE) were estimated at 31% and 32%, respectively. In the case of Accupac 
medium, the same models could be used together with Schultz (1960) model, which 
yielded the lowest AAPE of 16%. Consequently models, excluding Phelps (1944), could 
be used for predicting the effluent quality from the Accupac medium. Generally, the 
effluent predictions, using the above mentioned models were in good agreement with the 
experimental results. Finally, the results of Phases 1 and 2 were used to determine the 
dimensions of the aerobic and anaerobic filters incorporated in the trial designs with the 
following assumptions:
• 8% BOD removal was achieved in anaerobic filters,
• 56% BOD removal was achieved in aerobic filters,
• BOD loading rate into the aerobic filters was 1.3-2.8 kg/m .d,
2
• the wastewater loading rates into the aerobic filters was 1300-2700 L/m .d,
• BOD loading rate into the anaerobic filters was less than 7.5 kg/m .d,
• the wastewater loading rates into the anaerobic filters was 2314 L/m“ .d, and
• removal rate constant (K ^  for both Bioblock and Biosphere was 2.78959 m 1.
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7 .1 .3 Phase 3: Installation of new systems and evaluation of their
performance
After laboratory evaluation, the three designs proposed earlier were installed in October 
1998 at three different sites and were monitored between November 1998 and February 
1999. The installations were supervised and inspected to ensure quality and compliance 
with local codes. The field testing involved determination of effluent percolation rates, 
population surveys, flow measurements, wastewater characterisation and evaluation of 
designs performance. The main findings were:
• Similar to Phase 1, percolation rates (PR) results indicate that the sites are too 
permeable for on-site effluent disposal, indicating the potential for groundwater 
contamination. However, the potential of drinking water contamination is considered 
to be negligible as the water supply in the community relies on bores located 3-5 km 
from the nearest conventional septic tank system.
• The average observed population per household was 8.1, which is 1.7-2.7 times 
higher than the Australian urban population and 1.4 times the current design load (6 
persons/household) specified by the local code. The surveys here, in agreement with 
the observations noted in Phase 1, suggest the need for accommodating large family 
size and population load fluctuations in future installations.
• The black and grey water distribution is observed to be 14% and 86%, respectively. 
Although the black water percentage is slightly higher than that observed in Phase 1, it 
is still significantly different from that of urban conditions (30%). Generally, 43% of 
total water consumption is transformed into wastewater. Considering that the 
community’s water supply relies heavily on bores and 19% of the water consumed by 
the community is used by airconditioners, the community should try to conserve 
water by recycling the water used in their airconditioners.
• High occupancy rate requires consideration of a larger septic tank, as the design flow 
rates at the three sites varied between 135-287 L/capita.d. On the conservative side, a 
minimum tank capacity should be 4300 L with yearly desludging.
• Unlike urban conditions, the diurnal pattern of hourly wastewater flow variation 
obtained showed only one peak in 1 out of 3 sites, and for the average flow for three 
sites, a single peak occurred between 1:00 pm and 5:00 pm (Figure 6.5). This is in 
agreement with the earlier observation made during Phase 1. In the urban areas, 
typically there are two peaks, one in the morning and the other in the late afternoon. 
Furthermore, high influent concentrations generally occurred during low flow 
conditions.
• Poor air circulation in the aerobic filters was evident even after improving the 
ventilation. As the effluent DO concentrations in Designs 1 and 2 remained between 0
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and 1.1 mg/L, forced-ventilation of the aerobic filters has been suggested. A 
minimum air flow of 0.3 m3/min per m2 of filter area is recommended.
• By segregating the wastewater into two streams as in Design 1, oil concentrations in 
the grey water effluent were 3-20 times higher than those found in the effluent of the 
combined systems (Designs 2 and 3). This may be attributed to the nature or 
capability of the scum/floating layers in the first compartments of the combined 
systems to retain fats and grease attached to solids generated from the black water 
streams. Alternatively, this can be simply caused by different degrees of oil usage by 
the occupants. However, this aspect has to be investigated further.
• The average sodium absorption ratio (SAR) in the effluents varied between 2.3 and 5 
and is not considered to be a problem as SAR is less than the critical value of 8 (Laak, 
1986).
• Overall the efficiency of the designs in removal of SS and BOD, as given in Table 
6.12, varied significantly. It appears, however, that by segregating the wastewater 
into two streams, as in Design 1, SS and BOD removal rates of 76% and 64% can be 
achieved in the black water system, respectively. Lower removal rates of solids with 
an average BOD removal rate of 50% were observed in the grey water system. 
Although, the grey water system achieved higher removal rates on several occasions 
(up to 73% and 91% for SS and BOD, receptively), its overall performance in 
removal of solids was poor. Considering the cost associated with the installation and 
the quality effluent obtained, Design 1 is not considered to be feasible.
• By combining the wastewater streams, as in Design 2, overall SS and BOD removal 
rates of 62% and 58% were achieved, respectively. The SS and BOD removal rates 
achieved in the aerobic filter were estimated at 14% and 23%, respectively.
• Design 3 gave the highest removal rate for SS which was estimated at 81%, whereas 
BOD removal rate was similar to that achieved in Design 2 (58%). As such, Designs 2 
and 3 are considered to be feasible.
• Extensive sloughing of biofilm from the anaerobic filter was observed both in Designs 
1 and 2.
• In depth analysis of influent COD and BOD indicated that the particularly high COD 
values were due to excessive use of detergent and other cleaning agents.
Overall, Designs 2 and 3 can be used for remote Aboriginal communities with the septic
tank capacity calculated as in Table 4.29. The septic tank in Design 3, although cheaper
than the septic and aerobic filter tanks in Design 2, has to be evaluated for a longer period
due to the limited data obtained from that design.
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7 ,2  Recommendations for Construction of Wastewater Disposal
System for Remote Aboriginal Communities
Generally, the treatment achieved in Designs 1 and 2, although satisfactory compared to 
Phase 1, does not justify the cost associated with construction of the aerobic filters (refer 
to Table 5.14). As Design 3 was able to produce higher SS removal (although BOD 
removal was of the same magnitude compared to Design 2) it could be presumed that the 
installation of larger tank with at least 2 days detention time will substantially improve the 
effluent quality at a lower cost. However, as Design 3 was monitored for a limited period 
due to the house becoming unoccupied, it is presumed that both Designs 2 and 3 are 
considered feasible. Some of the simple measures which should be implemented in order 
to improve the performance of the conventional septic tank systems are:
• Keeping maintenance records and plan layout showing all system components for 
future upgrade or service (eg., copies to be kept in the community office),
• thorough site assessment and soil characterisation, and use field data in sizing the 
disposal area,
• ensure quality control during construction and installation,
• initiation of user education programs to achieve a better understanding of the 
implications of user habits on the performance of the systems (eg., water conservation 
measures, ipoderate use of cleaning products). The programs will help in eliminating 
the discharge of large objects such as, rags, plastic, etc. into the septic tanks and 
minimise the use of cleaning liquids in day to day activities.
• encourage the users to report failing plumbing fixtures (eg., leaking taps or toilet 
flushing systems),
• allow the disposal area to rest by alternating effluent application in the soakage trenches 
(6-12 months),
• regular pumping out of sludge from septic tanks (max. 1 year) should be maintained, 
and
• appropriate design and construction of an effluent dosing system to ensure even flow 
distribution into the soakage trenches.
Sloughing of the anaerobic filters and poor ventilation (Design 2) suggest:
• Removal of the anaerobic filter from the combined wastewater septic tank (Design 2) in 
future trials,
• alternatively, install a tank with a minimum 4300 L capacity, as in Design 3, without 
decreasing the frequency of maintenance, and
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• forced-ventilation of the aerobic filter in Design 2, although mechanical components 
are not desirable, would improve the performance of this design. Alternatively, 
ventilation can be improved by installation of at least two whirlybirds per aerobic filter.
7 .3  Recommendations for Future Research
Future research needs in the following areas are identified:
• Extend the monitoring program of the three designs for about 2 years,
• assessing soil contamination from on-site wastewater disposal systems,
• investigate forced-ventilation of the aerobic filters in Designs 1 and 2,
• establish a similar trial in other Aboriginal communities to develop a useful database 
for future development,
• further investigations into groundwater contamination,
• pilot models to monitor biocrust behaviour, studying factors affecting biocrust 
formation and monitoring of biocrust thickness,
• investigate the possibility of sludge processing, reuse and disposal from septic tank 
systems,
• modeling septic tank performance with or without filter, and
• investigate the potential for reusing wastewater for cooling purposes in airconditioning 
systems in Aboriginal communities.
The three compartment septic tank (Design 2) did manage to achieve high SS/BOD 
removal rates of 80-90% on certain occasions, thus indicating the potential for producing 
reuse quality effluent. However, this has to be further investigated particularly 
experimenting with different plastic media and distribution systems.
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Literature Review
Table A .l Typical compositions o f untreated domestic wastewater
Parameters Range/typical values Source
pH
7.1 - 8.3 (influent) 
6.0 - 8.5 (effluent) 
6.5 - 7.0
Geary (1992a)
Geary (1992a) 
Polprasert et al. (1982)
Temperature, °C 25 to 35 UC 
37 °C
Metcalf and Eddy Inc.(1991) 
Polprasert et al. (1982)
Faecal coliforms, cfii/lOOmL
106 - 108 
3 x l0 5
107 - 1010 (ty p ica l-108) 
106 - 108
Geary (1992a)
Polprasert et al. (1982) 
Metcalf and Eddy Inc. (1991) 
Laak (1980)
DO, mg/L 0 - 3
0
Polprasert et al. (1982) 
Laak (1980)
NFR, mg/L
40 - 350 (untreated waste) 
240 - 600 (typical - 436) 
40 - 350 (effluent) 
165 (effluent)
Geary (1992a)
Metcalf and Eddy Inc. (1991)
Laak (1980)
Viraraghavan and W amock (1976)
TS, mg/L
700
3 5 0 - 1200 (influent) 
820
Polprasert et al. (1982) 
Metcalf and Eddy Inc. (1991) 
Laak (1980)
TDS, mg/L 400
2 5 0 -8 5 0
Polprasert et al. (1982) 
Metcalf and Eddy Inc. (1991)
BOD5, mg/L
220
216 - 540 (typical influent - 392) 
90 - 384 (effluent) 
280 (effluent)
Polprasert et al. (1982)
Metcalf and Eddy Inc. (1991) 
Laak (1980)
Viraraghavan and Wamock (1976)
COD, mg/L
610
250 - 1000 (influent) 
1 5 0 - 7 2 0  (effluent)
Polprasert et al. (1982) 
Metcalf and Eddy Inc. (1991) 
Laak (1980)
Nitrate-nitrogen (N 0 3" - N), mg/L 0 Polprasert et al. (1982)
Nitrite-nitrogen ( N 0 2' - N), mg/L 0 Polprasert et al. (1982)
Total Nitrogen (TKN), mg/L 35
3 1 - 8 0  (influent)
Polprasert et al. (1982) 
Metcalf and Eddy Inc. (1991)
Total phosphorus as (P 0 4)3" , mg/L
10
35-100
Polprasert et al. (1982) 
Laak (1980)
Total phosphorus as P, mg/L 4 - 1 5  (influent) Metcalf and Eddy Inc. (1991)
Grease, mg/L 50 - 150 (effluent) Laak (1980)
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Table A.2 Infectious agents potentially present in raw domestic wastewater (Metcalf and Eddy Inc., 1991)
Organism Disease Remarks
Bacteria
Escherichia coli 
Legionella pneumophila 
Leptospira 
Salmonella typhi 
Salmonella 
Shigella 
Vibrio cholera 
Yersinia enterolitica
Gastroenteritis
Legionellosis
Leptospirosis
Typhoid fever
Salmonellosis
Shiegellosis
Cholera
Yersinosis
Diarrhoea
Acute respiratory illness 
Jaundice, fever (Weil's disease)
High fever, diarrhoea, ulceration of small
intestine
Food poisoning
Bacillary dysentery
Extremely heavy diarrhoea, dehydration 
Diarrhoea
Viruses
Adenovirus (31 types) 
Enterovirus (67 types)
Hepatitis A  
Norwalk agent 
Reo virus 
Rotavirus
Respiratory disease 
Gastroenteritis, heart, 
anomalies, meningitis 
Infectious hepatitis 
Gastroenteritis 
Gastroenteritis 
Gastroenteritis
Jaundice, fever 
Vomiting
Protozoa
Balantidium coli 
Crystosporidium 
Entamoeba histolytica
Balantidiasis 
Crystoporidiosis 
Amebiasis (amoebic 
dysentery)
Diarrhoea, dysentery 
Diarrhoea
Prolonged diarrhoea with bleeding, 
abscesses of the liver and small intestine
Giardia lamblia Giardiasis Mild to severe diarrhoea, nausea, 
indigestion
Helminths
Ascaris lumbricoids 
Enterobius vericularis 
Fasciola hepatica 
Hymenolepis nana 
Taenia saginata 
Solium
Trichuris trichiura
Ascariasis
Enterobiasis
Fascioliasis
Hymenolepiasis
Taeniasis
Taeniasis
Trichuriasis
Roundworm infestion 
Pinworm 
Sheep liver fluke 
Dwarf tapeworm 
Beef tapeworm 
Pork tapeworm 
Whipworm
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Table A.3 Available products of on-site wastewater disposal/treatment systems (compiled from Ho and Mathew, 1993)
No Name of 
product
Description, Service and Applicability Cost ($) Maintenance Comment
1 VIP toilet • The Ventilated Improved Pit is a product of the Centre for Appropriate Technology (CAT), 
Alice Springs.
• The special construction ensure minimum odours and fly problems.
• Camping, national parks, main roads department highway rest sites and remote communities
• 10 years of usage for a family of 5
2 Composting
toilet
• Does not require any water connection, periodical pumping-out, chemical dosing or on-going 
maintenance.
• Converts the wastes into garden compost.
• The installation is irrespective to the type of soil and should not create pollution problem
• It can be installed for a single dwellings or small community.
2.1 Clivus
Multrum
• A fibre glass compost tank divided into (1) upper section for the treatment of fresh wastes; and 
(2) a lower section for the treatment of mature wastes.
• The toilet seat is placed on the top of the tank. A vent pipe fitted with a fan to force the flow of 
air to the outside of the toilet is connected to the tank to keep the room odour-free.
• A liquid drain to remove the excess of liquid is contained to keep the waste dry enough for 
composting
• Also, there are two inspection doors to provide access to both chambers.
• Weekly inspection is required to ensure adequate moisture levels and adding a bulking agent 
(saw dust). Suggestion of quarterly levelling the wastes pile and annual removal of compost. 
Vent-screens and pests strips may be used for pest control.
• Can have multiple toilets and urinals with capacity of 40- 120 people.
• 3000-5000 + cost for grey 
water treatment system
• Maintenance by the user
• cost of heating in cold climate
• power cost of the fan
• Recycle of toilet wastes as 
compost
• A space of 2.5 m deep and 
15 m wide, 2.7 m long is 
needed below the toilet
• Save 7 & 30 % water use, 
for remote and urban areas 
respectively.
2.2 Rota-Loo • Small and compact consisting of four separate composting chambers in a circular container. 
Two of the chambers are used simultaneously, allowing the opportunity of having two toilets in 
one housing unit.
• An air vent with a fan is connected to the main chamber to ensure continuous air flow.
• A heating element at the bottom of the chambers is installed to keep a suitable temperature for 
composting.
• When chamber is full, the container is rotated and thus allow the compost to mature.
• Suggestion of annual removal of compost.
• Designed for the use of 6 to 8 people
• 3000+cost for grey water 
treatment system
• Maintenance by the user
• Cost of heating in cold climate
• Power cost of the fan
• Recycle of toilet wastes as 
compost
• A space of 1.5x1.5x1.5 m 
is needed below the toilet.
• Save 7 & 30 % water use, 
for remote and urban areas 
respectively. Appendix
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Table A.3 Available products of on-site wastewater disposal/treatment systems (compiled from Ho and Mathew, 1993) (continued)
No Name of 
product
Description, Service and Applicability Cost ($) Maintenance Comment
2.3 Dowmus • The toilet seat is connected to a circular composting chamber of about 4.3 m' which is sufficient 
for the service of a family of five.
• Ventilation with a fan is available to exhaust air from the bottom of the tank to provide air flow 
through the compost.
• The compost can be extracted using an auger provided at the top of the tank towards one side.
• The system is partially filled with active compost at the time of installation and inoculated with 
beneficial soil organisms, in particular tiger and red composting worms.
• No heating element is involved. The system does not intend to operate above 35 °C to protect 
the worms.
• The system relies on soil organisms and worms rather than microorganisms for composting.
• A family of five people can use this system for a few years without having to remove the 
compost.
• 2500+cost for grey water 
treatment system
• Maintenance by the user
• Recycle toilet waste as 
worm compost.
• Circular area of 1.7 m 
diameter with a depth of 2 
m is needed below the toilet
• Save 7 & 30 % water use, 
for remote and urban areas 
respectively.
3.1 Envirocycle Refer to manufacturer • 5000+ installation • Quarterly inspection
• Desludging every 3-4 years
• Power cost of pumps and 
aerators
• Tablet chlorination required
• Available in domestic and 
commercial sizes
3.2 Biocycle Refer to manufacturer • 5500+installation • Quarterly inspection
• Desludging every 3-4 years
• Power cost of pumps and 
aerators
• Tablet chlorination required
• Available in concrete and 
fibreglass in domestic and 
commercial sizes
3.3 Clearwater
system
Refer to manufacturer • 5500+installation • Quarterly inspection
• Desludging every 10-15 years
• Power cost of pumps and 
aerators
• Tablet chlorination required
• Available in concrete
4 Aquarius Refer to manufacturer • 8000+installation • Quarterly inspection
• Desludging every year
• Power cost of pumps and 
aerators
• Tablet chlorination required
• Available in fibreglass and 
stainless steel and many 
sizes.
• Removes nutrients.
5 Ecomax Refer to manufacturer • 5000 • Desludging every 3-4 years
• replacement of filter media 
every 15-20 years
• Removes nutrients
All figures are in 1993 Australian $
A
ppendix
Appendix A
Table A.4 Trickling filter ecology (compiled from Sämer, 1980)
Parameter Description
Dominating organisms Heterotrophic bacteria or fungi-growth or growth of sheath- 
bacteria are dominating organisms in trickling filters. The fungi- 
growth is not desirable, as its slows down metabolic reactions and 
increases the risk o f ponding due to low oxygen concentration, 
shortage of nitrogen compounds or a low pH value.
Bacterial film 
distribution and bacteria 
competition
The film of bacteria covering the support media may consist of 
different species at different levels o f the filter.
Bacteria in the lower 
part o f a trickling filter
Nitrosomonas and Nitrobacter bacteria are not able to compete 
with the organoterotrophic organisms and normally found in the 
lower parts of the trickling filter, where urea nitrogen and 
ammonia, released by oxidation of proteins, are the energy source.
Restricted bacteria Protozoes, nematodes, rotifers and different kinds of worms and 
insect-larvae are not able to metabolise all substances necessary for 
growth and therefore are restricted to levels where these are 
metabolised by bacteria or by other microorganisms.
Biofilm growth on the 
support media
Heterotrophic aerobic bacteria start to grow on the surface of the 
support media after application of organic wastewater to the 
trickling filter. Biofilm thickness and density of the biological film 
increase and the growth becomes independent as a result of the 
lack of either nutrients or oxygen (log-phase).
Fermentation reactions When the film thickness reaches a stage where oxygen can not 
reach the inner parts of the biofilm, facultative organisms cease 
functioning aerobically and begin fermentation reactions.
Film Effectiveness This tend to be influenced by temperature, thickness, wastewater 
application rate, shape of the media and type of distribution, 
composition of the substrate.
Temperature and film 
thickness
Film effectiveness only increases up to a certain thickness (Hoehn 
and Ray, 1973; Komegay and Andrews, 1967). This is due to the 
difficulties for substrate and oxygen to reach the deeper parts of 
the film.
Distribution of oxygen in a biofilm have been demonstrated by 
Whalen etal. (1969). Increased film-thickness normally occurs in 
winter when the temperature is low. At the same time it is common 
that the efficiency drops.
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Table A.4 Trickling filter ecology (compiled from Samer, 1980) (continued)
Parameter Description
Film thickness control Film thickness control can be achieved by controlling the hydraulic 
load (Hawkes, 1960). Heavy growth is also undesirable for other 
reasons (possibility of ponding, disturbed flow patterns and 
oxygen transfer problems).
Low rate filter At low temperature, the accumulation of the biological mass 
increases. This can be controlled hydraulically by slowing down 
the speed of the rotating distribution (Hawkes, 1960).
High rate filter The control of the biofilm thickness is achieved by increasing the 
hydraulic loading rate. This control is provided by the shear stress 
of the liquid.
Geometric shape of the 
support media and 
distribution of the liquid
The geometric shape o f the support media and the distribution of 
liquid have a marked influence on the final effluent. An even 
distribution has proved to be important for stoned-packed trickling 
filters (Rumpf, 1956). For plastic-packed filter where certain 
packages consist of a large number of closed channels, an uneven 
distribution at the top o f the filter may remain throughout the entire 
height and only a part o f the filter will be used (Pearson, 1965). 
Cook and Crame (1976) showed that continuous dosing was the 
best dosing program for shallow filters, while deep filters (more 
than 2.4 m) were more efficient when instantaneous dosing was 
used. The intervals between the dosing, however was at shortest 
2.5 minutes. Bruce and Merkens (1970) used an interval of 1.5 
minutes and found no difference in performance compared with 
continuous dosing. For the nitrification process the distribution 
seems to be of high importance (Jenkins and Hawkes, 1963). The 
shape of the support media has for stone-packed trickling filters 
proven to be of importance, mainly to increase the available 
surface for growth (Hawkes and Jenkins, 1955).
Composition and 
strength of the substrate
Takahashi et al. (1969) showed in laboratory activated sludge 
experiments that the influent composition had a marked influence 
on the biological reaction rate. There is no reason to believe that 
the trickling filter process reacts differently in this respect.
Handling of toxic waste A domestic wastewater may periodically contain toxic compounds. 
Although toxic wastewaters have been successfully treated in 
trickling filters (Wing and Steinfeldt, 1970), the trickling filter 
recovery period from exposure to toxin is shorter than for the 
activated sludge process (Pearson, 1965). This is probably due to 
the fact that only the top part of the biological film in the trickling 
filter can be affected. As such, affected sludge will be washed out 
of the process, while in the activated sludge process the sludge is 
recycled including the toxin (Hawkes, 1960).
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Table A.5 Trickling filter models (compiled from Samer (1980) and Logan et al. (1987))
Source
Phelps
(1944)
Model summary, formulations and comments"
Principle. Phelps (1944) used a first order reaction equation to describe the degradation o f organic 
matter in natural stream. The model was then applied to trickling filters by Velz in 1948.
( 1)
dD
where,
K= removal rate constant 
S= BOD-concentration, mg/L 
D= depth of the filter, m
Upon integration, Equation 1 yields
where,
Se= effluent BOD-concentration, mg/L
S0= influent BOD-concentration, mg/L
S = S  e e o
-KD (2)
Comment. “D” was substituted by Howland in 1958 by the retention time of substrate “t” as this 
was considered to be more relevant.
NRC
(1946)
Principle. NRC or National and Research Council (1946) developed empirical models based on the 
performance of similar units. The NRC equation is given below:
E =
(  ^0.5*
1 + 0.014
W
V R ,
V m f  )
(3)
where,
E= fraction of BOD removed 
w= BOD loading (kg/day)
Vm= total volume of the filter media (m3) 
Rf= recycle factor defined by: V (I+RJ
Velz (1948)
[l + (l-p)R r]
where,
p= weighting constant equal to 0.9
R = recycle ratio defined as the ratio of recirculation flow to the filter influent flow. 
Comment Predictions using this equation were found to be unrealistic for widespread use.
(4)
Principle. Velz attempted to define kinetic equations governing BOD removal. He expressed 
removal as a function of filter depth. In his first recognised attempt, he suggested BOD removal is 
proportional to BOD concentration via:
f - v  »
where,
S= concentration of biologically degradable substrate as measured by the BOD test.
z= filter depth, and
Kd= removal rate constant (nr1)
Upon integration, Equation 5 yields:
-Kd D
(6)
where,
Se= effluent BOD-concentration, mg/L
S*= influent BOD-concentration, mg/L
D= the total height of the trickling filter, and the subscripts in and out refer to substrate
concentrations entering and leaving the filter, respectively.________________________________
Principle. Using a mass balance approach, the following equation was derived (empirical 
modeling):
i - ^ 5 -  (7,
Rankine
(1956)
where, 
a, and ẑ
R=
OjR +  flj
reflect the kinetic properties of the waste whose values are given in the literature as 2 
and 3, respectively 
recirculation ratio
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Table A.5 Trickling filter models (continued)
Source Model summary, formulations and comments
Howland
(1958)
Principle. Howland considered that the retention time of the substrate is more relevant factor than 
the depth and used Velz’s equation directly. Hence, Velz’s equation was modified as:
dS
—  = ~ K t S (8) 
at
Integrating Equation 8 , Howland proposed:
S , = S , e ~ K ^  (9)
where,
tr = retention time in the filter
The temperatue affects the viscosity and hence the kinetic constant K. The standard value of K is 
determined at 20 °C and its value at any other temperature can then be estimated by:
Kt  = K2O0 t ~20 (10)
where,
Kj, = reaction rate constant at T °C, (s'1)
K2q = reaction rate constant at 20 °C, (s-1)
0  = empirical temperature correction factor, 0  will increase with increase of organic load. 
In summer, oxygen transfer can be the controlling factor whereas in winter the 
controlling factor is respiration. Typically equal to 1.035.
Module media (large block). Howland proposed an expression for the average hydraulic 
residence time (tr) of fluid over an inclined plate as:
f  3v Y /3  L
t =  — —  ------------ (ID
r U sm /J j  ^  j 2/3
where,
v =  kinematic viscosity (cm2/s) 
g= acceleration due to gravity (cm/s2) ,
B = angle of plate inclination from the horizontal plane
L= length of flow (cm), and
qw= flow per unit width of plate (cm3/s.cm)
Small media (chain of spheres). Howland neglected the effect of acceleration and assumed the 
effect at the top half o f the sphere compensated for the same effect at the bottom half of the sphere. He 
assumed that the liquid entered each sphere at the very top and left at the very bottom. He also 
calculated the retention time in a chain of spheres and found at water temperature of 20 °C.
f 3 v Y /3f 2 r Y /3
tr = 1.3D —  —  ( 12)UJ lQ )
where,
r = radius of the sphere
Sinkoff et al. 
(1959)
Principle. Sinkoff et al. (1959) conducted experiments to verify Howland model for retention time. 
They calculated the mean retention time for a column packed with a clean spherical medium of varying 
size and varying depth under different hydraulic loadings of clean water. As a result, they proposed 
an alternate equation for tr:
f 3v Y I3( a  >2/3
t = 1 . 3 d —  U 2V (13)r U J  I q J
where,
A v =  specific surface area of the package (cm2/ cm3)
By using dimensional analysis on the effect of H, v, Av and Q on tr, another empirical equation was 
developed:
t r =  C ID v c - s ‘ / 3 ^ ^ - ' j  (14)
for glass spheres: C]= 3.0, C2= 0.5 and n=0.83 
for porcelain spheres: Cj= 1.5, C2= 0.2 and n=0.53
Comment. The choice of material did influence the retention time and gave different effects of the 
hydraulic loads.
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Table A.5 Trickling filter models (continued)
Source Model summary, formulations and comments
Bloodgood et 
al. (1959)
Principle. Bloodgood et al. (1959) compared the theoretical retention time developed by Howland 
with empirical equations derived from his laboratory experiments. The experimental results were in 
good agreement with the theoretical.
1- Ball 25 mm diameter
a) Theoretical equation
0 M 5 N  (15)
r q QMI
b) Empirical equation
,r -  ° A1SN  0 6 )  
r gO.665
2- Ball 90 mm diameter
a) Theoretical equation
‘r = 3 ^  (17) r ^0.66
b) Empirical equation
r = 2 -6™  (18)
r q 0.601
where,
N = number of balls in chain, and 
Q= flow per horizontal surface of ball
3- Inclined plane without slime 2.87°< B < 45 0
a) Theoretical equation
t  -  30,2 (19)
'  ^ 0 -667 (s in ^ ) 0-333
b) Empirical equation
t -  31,45 (20 )
3-Inclined plane with slime 2.27 0 < B < 49 0
a) Theoretical equation (same as equation 19)
b) Empirical equation
t  =  39 (21) 
r i / 652^ ) 0'349
Comment:
• For an inclined plane the exponent of the flow when measured with slime agreed better with the 
theoretical exponent than for the plane without slime. This was explained as a result of more even 
distribution of flow over the surface in the presence of slime.
• For the chain of balls, the increase in contact time due to the presence of slime is negligible.
• For an inclined plane, the increase in contact time by presence of slime was less than 10% when 
the slope was steep 45 0
Howland et al. 
(1963)
Principle. Howland et al. (1963) suggested that the retention time measured with a tracer is the sum 
of the time of flow around the spheres computed by the equation proposed by Sinkoff et al. (1959) 
(Eqn. 13) plus the time for the tracer to pass through the water held by capillarity (equal to the volume 
of capillary water held by the media divided by the rate of flow).
t f 3 v Y / 3 M  Y273 ( A  \
- £ - 1 . 3 —  v + n n r  v (22)
D  U J  [ q )  1 2 U J
where,
n,= number of meniscus contact per sphere 
n2= volume of meniscus/(7i-2.r) )
Comment:
• The effect of the capillarity can be great when the flow is small and can be as large as 100% when 
the media is small.
• The value of the exponent may be lower than 2/3, if flow is turbulent. At a completely turbulent 
flow, the time of flow through a bed of spheres varies inversely with 1/3 power of the rate of the 
hydraulic load.
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Table A.5 Trickling filter models (continued)
Source 
Eckenfender 
and Barnhart 
(1963)
Model summary, formulations and comments
Principle. Eckenfender and Barnhart (1963) showed that the retention time varied with the 3/4th 
power of the specific surface for three different sphere-packages and could be calculated from:
A 3/4
(23)t  =  0.7D-r Qn
Comment. This model cannot give proper predictions with slime layers. The retention time 
increases with increased slime layer
Atkinson et al. 
(1963)
Principle. Atkinson et al. (1963) described a model of the trickling filter process based on following 
assumption:
1. The process is at steady state
2. The rate of reaction is sufficiently slow to be the limiting factor.
3. The process can be described by first order irreversible reaction kinetics o f the form A-->B, 
where B is an acceptable product.
4. Both components A and B are soluble in the carried liquid.
5. The reaction occurs at the liquid-solid interfaces throughout the liquid film.
6 . The liquid thickness is not influenced by the presence of the microbial population.
A mass balance about an element of volume dV, with a liquid film of thickness dlq and a length 
(depth) dl yielded:
d [q { \  +  R)S] = -K S (d lq )dl  (24)
where,
q= rate of flow per unit width
S= substrate concentration (component A)
k= reaction rate constant
Integration of equation 24 yields:
expi
kdl lq
q(l + R)\
e _
s. kdl l Ì
1 (1 + R) — Re xp• q„( 1 _t d \  l
(25)
The above equation is same as that proposed by Howland (1958) if dlq.l /  q is considered as 
equivalent to retention time.
Biofilm thickness. The model was defined by Atkinson et al. (1967) as a pseudo-homogeneous 
model and by assuming laminar flow, the liquid film thickness can be calculated from:
r  \ i ' 3
d l  =q
3 v q
p g  c o s  0
(26)
where,
v=
P=
( j) =
kinematic viscosity 
density of liquid
angle of support surface with vertical
If there is no circulation, for a surface o f unit width:
S. eXP|
A_
Re,
2/3
R Pv a
1/3
(27)
where,
Reaction number = Rv =3kv /(p2g cos2<}>)
3 2 2Packing number = Pa =1 p <t>gcos<t>/v 
Reynold number = Re =4pq/v
Galler and 
Gotaas (1964)
Principle. Galler and Gotaas (1964) used unpublished and published data and by multiple 
regression analysis developed the following formulation (empirical modeling):
5. = 0 . 7 1 7 5 o119 (1 + R ) 028  ß 013
(1 +  3 .28 D Ÿ ' 5 T2 /3 ^ 0 .1 5
(28)
where,
R= recirculation ratio, equal to the ration of recirculation flow to model influent flow 
Se = effluent BOD, mg/L 2
Q= hydraulic surface load, m /m .h 
D= depth of the filter, m
T= wastewater temperature, °C
S. +  RS
= (29)
where,
S. = influent BOD (before mixing with the recycled water), mg/L_________________________
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Table A.5 Trickling filter models (continued)
so u r c e M odel summary? form ulations and com m ents
Koesler an d  
Sm ith  (1 9 6 9 )
T rin d p le . Roesler and Smith (1969) looked at the factors affecting the retention time. They found a
relationship between “n” and specific surface area “Ay“. They correlated n and Ay by the method of 
least squares as follows:
6 45
n = 0.91--------- (30)
A
V
where,
Ay sp ec ific  area of the support media
C om m ent The exponent “n” determine the influence of the hydraulic flow on the retention time. 
This can be determined experimentally by carrying out experiments at different hydraulic loading rates 
and obtaining die samples at different depths o f the filter (Samer, 1980). For more details on the 
determination of the exponent experimentally, refer to Germain (1966), Blakrishnan and Ekenfender 
(1969) and Gromdc et al. (1972). The value “n” for different media can be found in Samer (1980).
T ario (1974) Principle. Tario (1974) showed that the retention time could be measured by the drainage 
technique. Also sodium chloride and radioactive tracer can be used as a tracer for measuring retention 
time (Samer, 1980). The drainage technique consists o f closing the influent distributor and measuring 
the flow-time function out o f the filter. The deviation between tracer method and drainage technique is 
small (Samer, 1980).
Logan et a l. 
(1 98 7)
Principle. Logan et al. (1987) discussed and compared the most generally accepted model known in 
the form of Eqn. 9 and referred to as the modified Velz Equation (Eqn. 31). Fundamental requirement 
for biofilm models is estimating substrate diffusivity. No previous study suggested appropriate BOD 
component diffusivities for use in biofilm models trickling filter design. Many biofilm models assume 
completely mixed fluid conditions.
|
|
!
i
i ■
5' = r  1 (31)
where,
Qi= the flow before recycle divided by filter cross sectional area (L/m2.s or gpm/ft2)
As= the media specific surface area (m2/m3 or ft2/ft3), and 
n= an empirical flow coefficient typically set to 0.5
K2o= bear little resemblance to the kinetic constant o f Eqn. 8 with exception to units (Here 
K20 is in L/m2s° 5)=treatability coefficient.
Com m ent Logan referred to Parker and Merill (1984) which reported in side by side pilot studies 
treating domestic wastewaters that K20 for different media configurations (cross-flow and vertical-
flow media) with the same specific surface area were 0.0019 and 0.0011 L/m2s0 5, respectively. 
Therefore, in calculations using the Modified Velz model, such differences in K20 require nearly 50% 
more vertical-flow media to achieve the same fraction of BOD removal than cross-flow media. By 
comparing die modified Velz equation (equation 31) with that of Howland, Logan et al. (1987) 
observed the following:
1 •  Does not incorporate effects of temperature on residence time (through viscosity).
•  Media inclination effect (plastic sheet angle) is not incorporated.
•  Literature confusion concerning residence time determination in trickling filter media, this is 
because the values of 0  and n are usually fixed, also the modified Velz equation has one adjustable
| coefficient (K20) and is essentially a correlation model.
!
j •  The major failure o f the Modified Velz Equation is that K20 value is often different for different 
1 media with the same specific area.
For further information on mass transfer equations refer to Logan et al. (1987).
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Table A.6 DR/2000 - Specifications details
Property Description
Optical
Wavelength range 
Bandwidth 
Wavelength accuracy 
Wavelength resolution 
Monochrometer design 
Wavelength selection 
Wavelength readout 
Photometric linearity
400-900nm 
12 ± 2 nm @ 600nm 
± 2 nm 
± 1 nm
Littrow prism, aspheric optics 
Manual
3-digit LCD, 0.5 cm character height 
± 0.002A (0-1A 500 nm, constant-on mode)
Photometric
Reproducibility 
Source lamp 
Detector
Decimal location 
Readout languages
± 0.002A (0-1A 500 nm, constant-on mode)
Gas-filled tungsten
Silicon photodiode, UV enhanced
Hach program: automatic User program: selected
Selectable by menu: English and other languages
Physical
Dimensions
Weight
Dynamic range 
Stray light 
Bulb life 
Battery life 
Temperature range
22x24x11cm
2kg
0-2A
<0.1% at 400 nm
2000 hours > 1,000, 000 measurement cycles
1000 measurement cycles (rechargeable) charger included
0-40 °C operating range
A12
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Table B.l Preliminary level data for Pipalyatjara wastewater trial
Survey Code . Site
1 2 3
batum
Shower block floor level
All levels are reduced from damm (mm) 0 0
Grease trap ""
Grease trap Ud top of concrete 120 0
Grease trap bottom 875 630
Grease trap water level 495 310
Top of the inlet pipe 305 120 No grease
Top of the outlet pipe 415 140 trap
Top of the inlet "T" 265 100
Bottom of the inlet "T" 715 310
Top of the outlet "T" 360 135
Bottom of outlet "T" 605 335
w c
Top of the pipe from the "WC" 480 130 265
Piping and water level of septic tank
Top of the inlet pipe to septic tank 585 670 335
Top of the outlet pipe to septic tank 645 790 440
Water level height mlet side (first chamber) 902 530
Water level height oudet side (second chamber) 930 545
Positioning of septic tank
Top of septic tank lid 465 615 265
Ground level above septic tank 295 245 10
Bottom of septic tank 2082 1725
Soakage trench
Depth of soakage trench/inlet end 1660 s: 1650 960
gl: 312
n: 1440
gl: 320
Depth of soakage trench/outlet end _ n: 1550
Water depth (shown as mm) 50 s: 115 63
n: 50
Distribution box
Top of the concrete _ 320 _
Bottom of the distribution box _ 1135 _
Height of outlet pipe bottom (water level) - 1050 -
Kitchen gully
Top of the outlet pipe - 30 370
Top of the trap -
Junction
Kitchen to grey water line - 462 310
Grey and black water - 580 220
Note: s: southern side, n: northern side, gl: ground level (for two trench system).
Table B.2 Meter sizes installed for flow measurements at various plumbing fixtures
Installed location Meter Site 1 
mm
Site 2 
mm
Site 3 
mm
H ouse Main on-site* 25 on-site*
Main 12.5 12.5 12.5
Shower Block Washing machine 12.5 12.5 12.5
WC 12.5 12.5 12.5
Shower 12.5 12.5 12.5
Kitchen Hot 12.5 12.5 12.5
Cold 12.5 12.5 12.5
Air-Conditioner Main 12.5 12.5 12.5
Note: *- Two sites (Sites 1 and 3) already had main meters in place.
Table B.3 Super - Dry water meter specifications
Parameters Specification
Qmin- Minimum flow rate 30 L/h ±5%
Qt= Transitional flow rate 120 L/h ±2%
Qn= Nominal flow rate 1.5 m3/h
Qmax= Maximum flow rate 3 m3/h
Working pressure 16 bar, (1.6 MPa)
A p p e n d ix  B
Legend
O  Water meter
Figure B.l Phase 1: Location and arrangement of installed meters at Sites 1-3
Note: The shower block in the study area is positioned outside the house and it contains 
a laundry, sink, shower rose and toilet.
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Table B.4 Wastewater quality measurement
Parameter M ethod o f m easurem ent
PH pH was measured using a "Hanna" instrument (Picollo HI 1290) which consists of a single electrode with two 
points calibration and ± 0.01 pH accuracy (Phases 1 and 2). In Phase 3, the Picollo was replaced by another 
waterproof, heavy duty and advanced "Hanna" instrument (HI 9025C). This allowed pH and temperature 
measurement using the supplied gel pH electrode (± 0.01 pH) and temperature probe (± 0.5 °C), respectively. To 
avoid errors during calibration and automatic temperature compensation, the meter came with 5 memorised buffer 
values and buffer recognition.
Turbidity The turbidity was measured colorimetricaly using a DR/2000 spectrophotometer*.
Pathogenic
micro­
organisms
The membrane-filter technique was used to determine the number of coliform organisms present in both influent and 
effluent. The determination was accomplished by passing a known volume of wastewater sample through a 
membrane filter (47 mm diameter) with a very small pore size (0.45 Jim). The bacteria that are larger than the pores 
are retained on the filter. The membrane filter is then immersed in a prepared solution that contains nutrients 
necessary for the growth of the bacteria. After 24 hours of incubation at 44.5 ± 0.2 °C, the colonies formed on the 
filter surface were counted and the concentration in the original sample was determined. The colonies produced by 
faecal coliform bacteria were identified as blue in colour. Whereas, the non-coliform colonies are grey to cream- 
coloured. If there were too many colonies, the experiments are repeated with different dilutions.
DO In Phases 1 and 2, DO measurements were made using a YSI model 57, Dissolved Oxygen Meter, which can 
measure oxygen concentrations in three ranges 0 - 5,0 -10, and 0 - 2 0  mg/L to an accuracy of 1% full scale. This 
was then replaced in Phase 3 by an advanced YSI model 52.
Nitrite
(NO'2)
Nitrite concentration was determined by colorimetric method using DR/2000 spectrophotometer. After addition of a 
reagent (NitraVer 2), the sample developed a greenish-brown colour if nitrite was present. The results were 
displayed as mg/L of NO 2 and were then converted to mg/L of nitrite-nitrogen (NO 2 - N) by multiplying (NO 2) 
by 0.3.
Nitrate 
nitrogen 
(NO 3 - N)
Nitrate concentration is determined by colorimetric method using DR/2000 spectrophotometer. After addition of a 
reagent (NitraVer 5), a sample developed an amber colour if nitrate-nitrogen was present. The results are expressed 
as mg/L of nitrate-nitrogen (NO 3 - N).
Total
phosphorus
(TP)
DR/2000 was used for determination of TP. The measurement was achieved by (i) converting the phosphates 
present in organic and condensed inorganic forms into reactive orthophosphates, and (ii) further analysis of reactive 
phosphorus using ascorbic acid (PhosVer 3). The final readings were obtained in term of as mg of PO3 IL and the 
results are expressed as mg of P /L by dividing PO3 Readings by 3.
Surfactants The surfactant concentrations in the collected samples were determined by association with crystal violet dye and 
extraction of ion-pair complex into benzene.
Chemical
oxygen
demand
(COD)
The colorimetric method was used to determine the amount of Cr3+ produced. The COD vials used in this method 
were in the range of 0-1500 mg/L.
Oil Samples were collected in wide-glass bottles from various sampling locations throughout CSTS. These were then 
stored at 4 °C temperature or less up to 24 hours by adding 2.0 mL/L of sulfuric acid. The amount of oil in water 
was determined by extracting a measured sample (350 mL) with 1,1,1-trichloroethane (35 mL) and directly 
measuring the colour in the extract. The added chemical exhibited a brown colour if a coloured oil was present. 
Uncoloured oil was not registered due to the limitation of equipment used.
Note: * - specifications of DR/2000 are given in Table A.6 (Appendix A).
Table B.5 Specifications of equipment
Equipm ent S p ec if ic a tio n s
Displacement pump lx Mini range ORBIT CCM/1001 helical rotar pump (25 L/min)
Submersible pump 233 L/min
Feeding pilot 
Peristaltic tank lx L/S variable speed console drive pump (0.06 to 3400 mL/min)
Pump head lx Easy load n, allow higher flow rates, automatic tubing retention and adjustable occlusion. Also allow the
Feeding columns 
Peristaltic pump
use of different size tubing, L/S 13, 14, 16, 25,17 and 18 
lx L/S variable speed digital drive
Pump heads • 3 x Easy-load for precision tubing, allows use of 5 size tubing, L/S 13, 14, 16,25, and 17 (4.8 to 480
Wall fan
mL/min)
• lx Easy-load pump head for high performance tubing, allows use of 2 size tubing L/S 15 and 24 (10­
1700 mL/min.)
AIRFLOW-WE200 exhaust fan, air extraction capacity of 174 m /h
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Figure B.2 Phase 3: Location and arrangement of installed meters at Sites 1 - 3
Note: The shower block in the study area is positioned outside a house and it contains 
a laundry, sink, shower rose and toilet.
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Phase 1 Data
Table C .l Percolation rate at Site 1 from hole N o. 1
Site 1 M eter
R ead in gs
TTôw"
Litres
D rop , cm
(F low  x l 5 / l .  17809)
PR *
m m /m in
Soaking Hole 1 
Start Date and Time 
24.11.95  
12:45pm 5089.90
Soaking Hole 1 
End Date and Time 
25.11.95  
12:45pm 5242.5 152.6
Drop Readings Start Date and Time
25.11.95
12:45pm 5242.5
12:50pm 5243.3 0.8 10.185
12:55pm 5243.7 Ô.4 $.0920
1:00 pm 5244.3 0.6 7.6394 15.00
1:05 pm 5244.7 0.4 5.0929
1:10 pm 5245.3 0.6 7.6394
1 :1$ pm 5 ¿45.9 0.6 7.6394
1:20 pm 5246.3 0.4 5 .0929
1:25 pm 5246.9 0.6 7.6394
l:$0 pm 5247.5 0.6 7.6$94
1:35 pm $2'4$.l Ô.6 7.6394
1:40 pm 5248.7 0.6 7.6394
1:45 pm 5249.3 0.6 7.6394
* - The uniform drop is 7.6394 cm in 5 minutes, therefore PR=7.6394x10/5= 15 mm/min = 21.6 m/d.
Table C.2 Percolation rate at Site 1 from h ole No. 2
------------------- S IÏT Î------------------- M eter
R ead in gs
F low
Litres
D rop , cm
(Flow  x l 5 / l . 17809)
P R *
m m /m in
Soaking Hole 1 
Start Date and Time 
25.11.95  
2 :20pm 5251.8
Soaking Hole 1 
End Date and Time 
26.11.95  
2 :20pm 5491.4 239.6
Drop Readings Start Date and Time
26.11.95
2 :20pm 5491.4
2:25pm 5492.5 1.1 14.005
2 :$0pm 5493.4 0.9 11.459
2:35pm 5494.3 0.9 11.459
2:40pm 5495.3 1.0 12.732
2:45pm 5496.7 1.0 12.732
2:50pm 5497.3 1.0 12.732
2:55pm 5498.3 1.0 12.732
3:00pm $409.6 1.3 The hole is left to soak.
Soaking Hole 1 
Extended Date and Time 
26.11.95  
5:20pm 5511.0 259.2
Drop Readings Start Date and Time
26.11.95
5 :20pm 5511.0
5:25pm 5511.7 0.7 8.9127
5:30pm $512.5 0.8 lÒ .lè5Ó
5:35pm 5513.2 0.7 8.9127 18.00
5:40pm 5514.0 0.8 10.1850
5:45pm 5514.7 0.7 8.9127
5:50pm 5515.4 0.7 8.9127
5:55pm $516.2 0.8 10.1850
6 :00pm 5516.9 0.7 8.9127
6:05pm $517.6 0.7 8.9127
6 :10pm 5518.4 Ô.S 1 0 . l 8 $Ò
6:15pm 5519.2 0.8 10.1850
6 :20pm $519.8 0.6 7.639
6:25pm $520.5 0.7 8.9127
* - The uniform drop is 8.9127 cm in 5 minutes, therefore PR=8.9127 xl0/5=18 mm/min = 25.92 m/d.
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Table C.3 Percolation rate at Site 1 from hole No. 3
- - - - - - - - - - - - - - - - 51t e l --------------- Meter
Readings
F low
Litres
Drop, cm
(Flow  x l 5 / l . 17809)
PR*
mm/min
Soaking Hole 1 
Start Date and Time 
26.11.95 
6:40pm 5522.8
<
17.00
Soaking Hole 1 
End Date and Time 
27.11.95 
6:50pm 5715.8 193
-
Drop Readings Start Date and Time
27.11.95
6:50pm 5715.8
6:55pm 5716.3 0.5 6.37
7:00pm 5716.9 Ò.6 7.64
7:05pm 5717.7 0.8 10.19
^:10pm 5718.4 0.7 8.92
7:15pm 5719.0 0.6 7.64
7:20pm 5714.7 0.7 8.92
7:25pm 5720.6 0.9 11.46
7:30pm 5721.2 0.6 7.64
7:35pm 5721.9 0.7 8.92
7:40pm 5)22.5 7.64
Ì  :45pm 5723.2 0.7 8.92
7:50pm 5723.8 0.6 7.64
* - The uniform drop is 0.65 litres or 8.2745 cm in 5 minutes, therefore PR=8.2745 xl0/5= 17 mm/min = 24.48 
m/d. The percolation rate at site 1 is the average result of the three percolation rates obtained for the three holes, 
thus PR= (15 + 18 + 17)/3=16.7 mm/min., or 23.97 m/d.
Table C.4 Percolation rate at Site 2 from hole No. 1
- - - - - - - - - - - - - - - - 5 ÏÏT 1 --------------- Meter
Readings
“Flow"
Litres
Drop, cm
(Flow  x l 5 / l . 17809)
PR*
mm/min
Soaking Hole 1 
Start Date and Time 
10.12.95 
8:00am 7666.0
6.00
Soaking Hole 1 
End Date and Time 
11.12.95 
8:10am 7738.1 72.10
Drop Readings Start Date and Time
11.12.95
8:10am 7738.1
8:20am 7738.6 0.5 6.3662
8:50am 7739.2 0.6 7.63^4
8:40am 7739.7 0.5 6.3662
8:50am 7740.2 0.5 6.3662
9:00am 7740.5 0.3 3.8197
9:10am 7741.1 Ô.6 7.6394
* - The uniform drop is 6.3662 cm in 10 minutes, therefore PR=6.3662 xl0/10=6.37 mm/min = 9.17 m/d.
Table C.5 Percolation rate at Site 3 from hole No. 1
Site 3 Meter
Readings
F low
Litres
Drop, cm
(Flow  x l 5 / l . 17809)
FIT*
mm/min
Soaking Hole 1 
Start Date and Time 
14.04.96 
1:30pm 154493
Soaking Hole 1 
End Date and Time 
15.04.96 
1:30pm 16059.1 152.6
Drop Readings Start Date and Time
15.04.96
1:30pm 16059.1
1:35pm 16061.3 2.4 5036
1:40pm 16064.1 2.6 33.10
1:45pm 16066.7 2.6 33.10
1:50pm 16069.6 2.9 36.92
1:55pm 16072.0 2.4 5Ü36
2 :00pm 16074.5 2.5 The hole is left to soak.
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Table C.5 Percolation rate at Site 3 from hole No.l (continued)
Site 3 Meter
Readings
Flow
Litres
Drop, cm
(Flow x l5 / l .17809)
PR*
mm/min
Soaking Hole 1 
Extended Date and Time 
16.04.96 
2:50pm 16753.7 679.2
t)rop Readings Start Date and Time
16.04.96
2:50pm 16753.7
2:55pm 16755.9 2.2 28.01
3:00pm 16758.3 2.4 3Ü3G
3:05pm 107(30.6 2.3 29.29
3:10pm 16762.9 2.3 29.29
3:15pm 1 ¿7^5.1 2.2 28.01
3:20pm 16767.3 2.2 The hole is left to soak.
Soaking Hole 1 
Extended Date and Time 
17.04.96 
2:00pm 17391.0 623.7
Drop Readings Start Date and Time
17.04.96
2:00pm 17391.0
2:05pm 17393.4 2.4 30.56
2:10pm 17395.6 2.2 28.01
2:15pm 17397.9 2.3 29.29 58.6
2:20pm 17400.2 2.3 29.29
2:25pm 17402.5 2.3 29.29
2:30pm 17404.9 2.4 ”  3Ò5G
* - The uniform drop is 29.29 cm in 5 minutes, therefore PR=29.29xl0/5=58.6 mm/min = 84.38 m/d.
Table C .6  Percolation rate at Site 3 from hole No. 2
Site 3 Meter
Readings
Flow
Litres
Drop, cm
(Flow x l5 / l .17809)
PR*
mm/min
Soaking Hole 2 
Start Date and Time 
22.04.96 
5:30pm 17407.8
Soaking Hole 2 
End Date and Time 
23.04.96 
5:50pm 17815.4 407.6
Drop Readings Start Date and Time
23.04.96
5:50pm 17815.4
5:55pm 17816.9 1.5 19.09
6 :00pm 17818.1 1.2 15.28
6:05pm 17819.2 1.1 13.89
6 :10pm 17820.4 1.2 15.18
6:15pm 17821.4 1.0 12.73
6 :20pm 17822.6 1.2 The hole is left to soak.
Soaking Hole 2 
Extended Date and Time 
24.04.96 
6:20pm 18240.1 417.5
Drop Readings Start Date and Time
24.04.96
6 :20pm 18240.1
6:25pm 18241.3 1.2 15.28
6:30pm 18242.6 1.3 16.55
6:35pm 18243.7 1.1 13.89
6:40pm 18245.0 1.3 16.55
6:45pm 18246.4 1.4 17.83
6:50pm 18248.0 1.6 The hole is left to soak.
Soaking Hole 2 
Extended Date and Time 
25.04.96 
5:50pm 18710.5 462.5
Drop Readings Start Date and Time
25.04.96
5:50pm 18710.5
5:55pm 18711.8 1.3 ÏÏT55
6:00pm 18713.2 1.4 17.83
6:05pm 18714.Ó 1.4 17.83
35.666:10pm 18716.1 1.5 19.Ò9
6:15pm 18717.5 1.4 17.83
6:20pm 18718.8 1.3 Ï 0 5
* - The uniform drop is 17.83 cm in 5 minutes, therefore PR=17.83x10/5=35.66 mm/min —51.35 m/d.
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Table C.7 Percolation rate at Site 3 from hole No. 3
Site 3 Meter
Readings
Flow
Litres
Drop, cm
(Flow x l5 /l .17809)
PR*
mm/min
Soaking Hole 3 
Start Date and Time 
26.04.96 
6 :00pm 18719.6
50.92
Soaking Hole 3 
Bid Date and Time 
27.04.96 
6 :00pm 19409.1 689.5
brop keadings Start Date and Time
27.04.96
6:00pm 19409.1
6:05pm 19411.1 2.0 25.46
6 :10pm 19413.0 1.9 ¿4.1$
6:15pm 19415.1 2.1 26.74
6 :20pm 19417.1 2.0 25.46
6:25pm 19419.1 2.0 25.46
6:S0pm 1 $421.0 1.9 The hole is left to soak.
Soaking Hole 3 
Extended Date and Time 
28.04.96 
7:30pm 20081.4 660.4
Drop Readings Start Date and Time
28.04.96
7:30pm 20081.4
7:35pm 20083.4 2.0 25.46
7:40pm 20085.:$ i.$ 24.19
7:45pm 20087.4 2.1 26.74
7:50pm 20089.3 1.9 24.19
7:55pm 20091.3 2.0 25.46
8:00pm 2ÔÔ$S.i 1.9 The hole is left to soak.
Soaking Hole 3 
Extended Date and Time 
29.04.96 
6 :00pm 20694.1 600.9
Drop Readings Start Date and Time
29.04.96
6 :00pm 20694.1
6:05pm 20696.1 2.0 25.46
6 :10pm 2Ó6$8.2 2.1 2fT7i
6:15pm 20700.1 1.9 24.19
6 :20pm 20702.1 2.0 25.46
6:25pm 20704.1 2.0 25.46
6:30pm 2Ô70(>.1 1 Ô 25^ 6
* - The uniform drop is 25.46 cm in 5 minutes, therefore PR=25.46xlO/5= 50.92 mm/min =73.33 m/d. The 
percolation rate at site 3 is the average result of the three percolation rates obtained for the three holes, thus 
PR= (58.6 + 35.66 + 50.92)73=48.4 mm/min., or 69.7 m/d.
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Table C.8 Total water consumption and average daily flow rates at Site 1
Date
House
main
L/d
Shower
block
L/d
Washing
machine
L/d
Black
water
L/d
Shower
L/d
Kitchen
hot
water
L/d
Kitchen
cold
water
L/d
Kitchen cold 
water
+
Air
conditioner
L/d
Air
conditioner
L/d
Total
wastewater
L/d
Grey
water
L/d
25.11.95 7712 904 241 155 231 - 186 186 - 812 657
26.11.95 5102 431 744 67 390 - 318 318 - 1518 1451
27.11.95 2729 1821 245 110 199 - 246 246 . 800 690
28.11.95 2373 720 372 72 24 - 235 235 - 703 631
1.12.95 3837 126 42 43 5 71 92 92 - 252 209
2.12.95 5835 - 351 60 171 82 959 959 - 1624 1564
15.3.96 521 183 0 30 33 76 272 887 615 410 380
18.3.96 3366 1210 755 25 294 86 60 167 108 1220 1195
19.3.96 1557 733 244 40 343 119 98 775 678 844 804
20.3.96 12035 645 183 52 153 145 497 1056 559 1029 977
21.3.96 2018 1130 640 50 346 62 268 537 269 1367 1317
22.3.96 2278 781 252 36 173 349 124 768 644 933 898
23.3.96 8226 452 129 42 154 79 24 746 721 428 386
24.3.96 17329 1462 1011 79 182 104 200 717 517 1575 1496
25.3.96 1746 236 0 44 98 75 24 833 809 240 197
26.3.96 3149 361 0 58 289 141 207 2136 1929 695 637
27.3.96 1681 172 0 24 97 30 30 706 676 181 157
28.3.96 5228 281 0 29 121 0 10 675 665 160 130
29.3.96 13814 7 0 8 0 0 - 311 315 8 0
30.3.96 268 71 22 6 54 0 165 165 0 247 241
31.3.96 9728 718 365 6 175 0 152 152 0 697 691
1.4.96 10730 194 63 7 79 0 0 0 0 149 142
2.4.96 214 217 63 8 99 0 0 0 0 170 162
3.4.96 209 5 0 5 0 0 - 191 196 5 0
4.4.96 3587 411 260 7 85 3 0 371 371 355 349
5.4.96 5884 1744 860 68 634 94 67 1607 1540 1723 1656
6.4.96 7584 2130 1207 87 608 82 70 1462 1392 2053 1967
7.4.96 6348 1573 1122 88 138 161 102 752 650 1611 1523
8.4.96 2861 1187 589 104 316 95 81 859 778 1184 1080
9.4.96 1874 370 118 70 103 34 37 1426 1389 362 292
10.4.96 4110 466 260 70 70 50 58 1804 1746 507 437
11.4.96 4341 1166 525 101 397 100 63 1869 1807 1186 1085
12.4.96 5323 1528 667 121 439 241 77 544 467 1546 1424
13.4.96 - 1669 805 67 614 72 37 313 276 1595 1528
14.4.96 - 1611 908 94 163 64 74 538 463 1304 1210
15.4.96 2690 633 364 2 320 12 3 651 648 702 699
16.4.96 1421 745 489 22 246 0 - 341 342 757 735
17.4.96 747 548 286 41 135 55 29 118 88 546 505
22.4.96 2523 1188 518 63 280 38 0 1037 1037 899 836
23.4.96 2471 934 648 68 181 51 25 682 657 972 903
24.4.96 3661 2740 1235 123 958 235 154 295 141 2706 2583
25.4.96 2463 1372 448 132 449 175 122 510 388 1325 1193
26.4.96 684 186 3 7 31 135 27 468 441 203 196
27.4.96 747 172 48 2 44 71 4 553 550 168 166
28.4.96 778 684 256 23 295 133 7 68 60 713 691
29.4.96 709 587 130 49 208 195 59 99 40 641 592
30.4.96 4102 913 256 139 146 279 97 146 49 917 778
1.5.96 6243 2022 912 142 532 281 126 204 79 1993 1851
2.5.96 1316 772 263 98 112 203 119 494 375 795 697
3.5.96 1201 1113 392 113 259 83 40 40 0 887 774
4.5.96 747 665 382 44 150 93 37 48 11 705 661
5.5.96 444 324 126 32 57 83 49 55 5 348 316
6.5.96 1453 1006 375 90 299 159 1096 1360 264 2019 1928
7.5.96 1347 1039 447 87 188 166 112 213 101 999 912
9.5.96 2898 2491 684 189 962 270 161 161 0 2265 2077
10.5.96 3364 2514 983 158 482 347 216 496 281 2185 2027
11.5.96 2569 1738 885 122 395 238 113 479 367 1752 1631
12.5.96 1476 890 243 113 0 354 163 436 274 873 759
13.5.96 1004 586 262 35 160 181 114 128 14 752 717
14.5.96 1539 837 374 113 130 179 90 354 264 885 772
15.5.96 1887 1276 632 71 241 264 70 451 381 1278 1207
16.5.96 1210 1017 0 98 525 814 128 128 0 1565 1466
17.5.96 . 972 407 68 127 55 97 97 0 755 687
Total water 
use L 215291 56678 25089 4175
15189 7561 8084 34510 26437 60099 55923
Average daily 
(low 
L/d
3588 914 398 66 241 128 133 548 456 939 873
Note: - Not measured. The total water use is calculated by adding all the relevant water consumption data, (see meters’ arrangement in Figure B.l).
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Table C.9 Total water consumption and average daily flow rates at Site 2
Date Housemain
L/d
Shower
block
L/d
Washing
machine
L/d
Black
water
L/d
Shower
L/d
Kitchen
hot
water
L/d
Kitchen
cold
water
L/d
Air
conditioner
L/d
Total
wastewater
L/d
Grey
water
L/d
6.12.95 367 137 61 13 63 0 1 . 137 124
7.12.95 345 257 124 25 106 0 2 _ 257 23315.3.96 2727 1945 199 133 864 127 176 446 1499 136618.3.96 2054 2109 175 148 436 90 168 1092 1017 87019.3.96 3137 2518 922 171 119 125 177 1004 1515 1344
20.3.96 2298 2035 844 177 405 94 183 332 1703 1525
21.3.96 1965 1668 152 186 225 113 222 770 898 712
22.3.96 1316 1302 0 130 210 155 233 575 727 597
23.3.96 3429 2418 792 211 381 108 237 689 1729 1518
24.3.96 3757 2494 789 2 565 116 191 830 1664 1662
25.3.96 1894 1853 245 80 112 60 103 1254 598 519
26.3.96 2860 2501 669 86 272 166 156 1151 1350 1264
27.3.96 2984 2876 427 122 529 225 318 1255 1621 1499
28.3.96 3279 2472 0 127 308 132 276 1630 843 715
29.3.96 2966 2824 841 190 543 152 314 784 2040 1850
30.3.96 2740 2674 1172 703 115 171 241 273 2401 1698
31.3.96 4174 4619 1100 2 2714 253 264 288 4331 4329
1.4.96 1765 6 189 152 - 112 174 8 _ .
2.4.96 4139 4016 1311 324 1095 239 241 805 3210 2886
3.4.96 4684 3993 1410 228 748 183 230 1194 2799 2571
4.4.96 4087 3870 676 206 1347 154 172 1315 2555 2349
5.4.96 3593 3490 906 152 559 149 215 1508 1982 1830
6.4.96 2362 1908 475 69 370 127 279 589 1319 1250
7.4.96 1946 1793 941 143 347 173 159 29 1764 1621
8.4.96 1779 1650 364 170 391 197 177 350 1299 1129
9.4.96 1200 2151 669 150 528 155 121 528 1623 1473
10.4.% 2846 1704 429 202 657 115 134 167 1537 1335
11.4.96 1183 1136 371 172 290 104 173 26 1110 938
12.4.96 2077 1990 868 144 403 255 241 79 1910 1767
13.4.96 2609 2326 1085 145 695 159 168 74 2252 2108
14.4.96 2962 2650 847 273 837 190 285 218 2432 2159
15.4.96 2034 1739 591 129 538 176 135 170 1569 1440
16.4.96 2842 2272 726 191 492 180 218 466 1806 1615
17.4.96 1828 1727 623 140 344 187 241 193 1534 1394
22.4.96 2907 2366 508 98 770 239 55 697 1669 1571
23.4.96 2075 1887 757 181 509 142 163 134 1752 1571
24.4.96 1828 1783 788 127 336 163 191 178 1605 1479
25.4.96 1996 1955 752 118 684 104 85 212 1744 1625
26.4.96 351 222 62 26 41 49 45 0 222 196
27.4.96 129 20 0 0 20 0 0 0 20 20
28.4.96 0 0 0 0 0 0 0 0 0 0
29.4.96 903 878 375 61 66 110 133 133 745 685
30.4.96 978 921 495 39 117 119 151 0 921 882
1.5.96 2998 2220 1343 105 514 142 102 15 2205 2099
2.5.96 1620 1586 739 141 537 85 85 0 1586 1446
3.5.96 1149 879 137 125 288 96 233 0 879 754
4.5.96 854 932 344 35 433 70 47 4 928 894
5.5.96 497 344 0 64 205 30 35 10 334 269
6.5.96 1092 947 352 85 333 84 94 0 947 861
7.5.96 1329 1183 511 111 298 151 96 16 1167 1056
8.5.96 1161 944 245 104 181 226 93 96 848 744
9.5.96 2109 1795 743 80 600 101 168 103 1691 1611
10.5.96 2182 1897 1000 158 313 173 177 76 1821 1664
13.5.96 1291 2444 737 148 1279 136 137 8 2436 2288
14.5.96 224 592 904 172 - 154 75 0 592 420
15.5.96 3569 1815 1034 175 343 139 125 0 1815 1640
16.5.96 1851 1528 620 296 370 166 76 0 1528 1232
17.5.96 1356 1228 449 138 297 239 100 5 1223 1085
Total water use 
L 120673 105484 33885 8079 26141 7859 9084 21777 83708 75781
Average daily 
flow 
L/d
2081 1819 584 139 467 135 157 389 1469 1329
Note: - Not measured. The total water use is calculated by adding all the relevant water consumption data, (see meters’ arrangement in Figure B.l
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Table C.10 Total water consumption and average daily flow rates at Site 3
Date
House
main
L/d
Shower
block
L/d
Washing
machine
L/d
Black
water
L/d
Shower
L/d
Kitchen
hot
water
L/d
Kitchen
cold
water
L/d
Kitchen cok 
water
+
Air
conditioner
L/d
Air
conditioner
L/d
Total
wastewater
L/d
Grey
water
L/d
11.12.95 702 284 0 111 0 72 80 80 284 17312.12.95 2114 1388 1071 47 56 57 94 94 _ 1388 1341
14.12.95 2381 1031 518 44 228 29 156 156 1031 987
15.12.95 2264 435 254 32 52 16 50 50 _ 435 403
16.12.95 1297 300 0 37 159 48 43 43 _ 300 263
17.12.95 3699 1120 504 52 168 61 214 214 - 1120 1068
18.12.95 2071 1574 270 65 162 66 872 872 1574 1509
15.3.96 1054 1073 85 98 96 51 513 727 214 859 762
18.3.96 697 711 0 29 20 88 23 550 528 184 155
19.3.96 1539 1256 247 39 0 41 74 882 808 449 410
20.3.96 986 464 130 44 168 54 21 42 22 443 399
21.3.96 t 885 202 0 52 50 28 24 24 0 202 150
22.3.96 2664 1968 633 128 230 99 85 631 546 1421 1294
23.3.96 2565 1861 1002 98 209 57 255 363 108 1754 1656
24.3.96 2552 1900 129 114 32 80 119 1472 1352 548 433
25.3.96 2959 2332 383 94 166 39 87 1505 1418 914 820
26.3.96 3193 2520 67 123 230 62 202 1810 1608 912 789
27.3.96 1655 1276 0 76 0 65 59 1072 1013 263 187
28.3.96 2914 2484 574 116 202 68 94 1356 1262 1222 1106
29.3.96 1252 1153 127 104 116 76 119 679 560 593 489
30.3.96 567 543 127 51 63 21 38 258 220 323 272
31.3.96 164 159 62 10 59 2 1 1 0 159 149
1.4.96 84 72 0 24 0 4 3 42 39 34 10
2.4.96 780 787 579 46 110 8 11 11 0 787 740
3.4.96 345 334 0 7 0 0 8 317 309 25 18
4.4.96 105 9 0 8 0 0 1557 1557 0 9 0
5.4.% 1932 1794 0 43 0 136 - - 1463 331 288
6.4.96 1259 1167 383 62 0 58 63 715 652 515 453
7.4.96 593 678 126 48 0 175 51 216 165 513 465
8.4.96 1055 780 252 42 406 13 31 231 201 579 537
9.4.96 331 276 0 8 0 33 19 210 191 85 76
10.4.96 1153 989 374 15 327 22 19 209 190 799 783
11.4.96 130 37 0 13 0 4 12 34 22 15 2
12.4.96 727 710 369 25 89 21 5 161 155 555 530
14.4.96 1505 841 255 46 226 21 46 235 190 651 605
15.4.96 1254 590 129 16 101 43 61 269 208 382 366
16.4.96 2124 1505 509 39 286 81 64 403 339 1166 1127
17.4.96 173 166 0 37 21 7 13 83 70 96 59
22.4.96 325 12 0 11 0 0 0 0 0 12 1
23.4.% 442 1 0 0 0 0 0 0 0 1 1
24.4.96 494 7 0 6 0 0 0 0 0 7 1
25.4.96 217 9 0 8 0 0 0 0 0 9 1
26.4.96 519 0 0 0 0 0 0 0 0 0 0
27.4.96 646 0 0 0 0 0 0 0 0 0 0
28.4.% 707 0 0 0 0 0 0 0 0 0 0
29.4.96 310 38 0 19 50 15 0 0 0 38 19
30.4.96 516 513 130 1 23 35 34 260 226 288 287
1.5.96 8 2 0 0 0 0 2 2 0 2 2
2.5.96 38 8 0 0 0 10 1 1 0 8 8
3.5.96 24 2 0 0 0 1 0 0 0 2 2
4.5.96 26 2 0 0 0 0 0 0 0 2 2
5.5.% 34 6 0 0 0 0 0 0 0 6 6
6.5.96 105 99 65 0 0 0 0 0 0 99 99
7.5.96 50 43 0 0 41 0 0 0 0 43 43
9.5.96 32 18 0 0 0 14 2 2 0 18 18
10.5.96 1514 1286 729 19 118 92 80 267 187 1098 1079
12.5.96 920 951 515 6 182 59 71 134 64 887 881
14.5.96 748 768 128 8 133 137 96 192 97 672 664
15.5.96 562 411 0 22 122 109 57 57 0 411 390
16.5.96 728 752 389 13 163 94 61 61 0 752 739
17.5.96 460 442 0 36 228 103 64 64 0 442 406
18.5.96 571 472 0 45 287 91 29 29 0 472 427
Total water use 
L 63718
42608 11114 2233 5378 2565 4219 18643 14424 28184 25951
Average daily 
flow 
L/d
1028 687 179 36 87 41 43 306 262 455 419
Note: - Not measured. The total water use is calculated by adding all the relevant water consumption data, (see meters’ arrangement in Figure B. 1
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Table C.l 1 Distribution of sampling rounds and samples carried out at each site
Date of sampling Sampling points
I II III IV V VI VII Total
Site 1:
27/11/95 4 4 1 1 1 1 12
1/12/95 1 1 1 1 1 1 - 6
21/3/96 3 5 1 1 1 1 - 12
6/4/96 4 4 1 1 1 1 - 12
23/4/96 5 5 1 1 1 1 _ 14
29/4/96 4 4 1 1 1 1 - 12
5/5/96 4 3 1 1 1 1 - 11
11/5/96 3 4 1 1 1 1 - 11
Total 28 30 8 8 8 8 - 90
Site 2:
6/12/95 2 3 1 1 1 D D 8
26/3/96 4 6 1 1 1 D D 13
2/4/96 5 5 1 1 1 D D 13
26/4/96 0 1 1 1 1 D D 4
2/5/96 5 5 1 1 1 D D 13
8/5/96 5 5 1 1 1 D D 13
Total 21 25 6 6 6 D D 64
Site 3:
11/12/96 2 5 1 1 1 1 11
9/4/96 , 1 3 1 1 1 1 - 8
11/4/96 3 3 1 1 1 1 - 10
14/5/96 2 3 1 1 0 0 - 7
17/5/96 2 2 1 1 0 0 - 6
Total 10 16 5 5 3 3 - 42
Total 59 71 19 19 17 11 - 196
Note: - Not applicable; D - Dry
Table C.12 Summary of water quality results at Site 1 (November 1995 - May 1996)
Date of Sampling
Sampling
Points
Faecal coliform 
(cfu/lOOmL)
Water
Level
(mm)
pH
Temp
(°C)
DO
(mg/L)
Turbidity
(FTU)
SS
(mg/L)
TS
(mg/L)
TDS
(mg/L)
b o d 5
(mg/L)
COD
(mg/L)
Nitrate
(NO'3_N)
(mg/L)
Nitrite
(NO'2_N)
(mg/L)
Surfactant
(mg/L)
Oil
(mg/L)
27/11 and 1 /12/1995 1 5.35E+04 193 7.71 27.25 - 680 731 3182 2135 784 1651 3.48 5.10 - -
21/3/96 I 2.91E+07 433 8.53 23.16 2.50 847 1450 2933 1483 . 734 2696 7.10 10.10 - -
6/4/96 I 1.31E+08 148 7.95 25.00 1.20 1347 1578 5078 3501 1796 5192 3.20 21.23 - -
23/4/96 I 6.00E+06 147 7.70 22.80 1.42 926 723 2980 2257 862 2256 7.08 9.30 - -
29/4/96 I 3.90E+06 209 7.70 21.60 2.40 510 816 3033 2216 856 2278 11.80 10.40 - -
5/5/96 I 1.67E+07 135 7.84 20.40 2.90 430 793 3009 2216 769 2238 5.08 4.35 - -
11/5/96 I 1.73E+08 220 7.86 22.30 1.93 605 856 2731 1875 734 2300 8.57 2.85 - -
Average I-av 5.14E+07 212 7.90 23.22 2.06 764 992 3278 2240 934 2659 6.61 9.05 - -
27/11 and 1 /12/1995 II - 670 6.45 31.00 - 286 324 1775 1496 594 1391 18.45 15.79 0.10 1.00
21/3/96 II 1.30E+07 401 7.71 30.80 1.05 446 209 1377 1168 193 636 2.00 8.20 0.28 6.80
6/4/96 II 1.60E+07 635 8.34 29.00 0.53 423 266 2304 1938 514 1180 7.13 18.53 0.10 17.25
23/4/96 II 3.50E+06 622 8.50 29.00 0.66 348 333 2037 1704 634 1137 4.02 18.80 0.15 21.80
29/4/96 II 1.50E+06 395 6.80 30.30 0.08 336 260 1591 1332 692 1146 7.50 12.30 0.18 15.50
5/5/96 11 5.60E+07 550 8.60 27.00 0.10 408 311 2074 1763 458 1135 5.90 15.20 0.09 41.03
11/5/96 II 2.39E+08 443 7.28 29.13 0.03 355 327 1562 1235 610 1054 2.13 7.20 0.19 1.00
Average Il-av 5.48E+07 531 7.67 29.46 0.41 372 290 1817 1519 528 1097 6.73 13.72 0.16 14.91
27/11 and 1 /12/1995 III _ 1180 6.85 29.65 - 206 160 1698 1578 393 993 6.58 19.35 0.07 6.00
21/3/96 III - 1220 7.30 28.00 1.00 230 141 1442 1301 370 1650 0.00 15.00 0.11 17.00
6/4/96 III - 1215 7.17 29.00 0.10 200 90 1624 1534 247 610 0.00 14.40 0.16 9.00
23/4/96 III - 1220 7.65 27.00 0.60 188 69 1778 1709 346 363 11.60 18.90 0.13 25.00
29/4/96 III - 1180 6.71 27.00 0.10 302 150 1830 1680 636 1154 12.10 15.00 0.13 31.00
5/5/96 III - 1205 7.00 26.50 0.00 230 114 1682 1568 486 886 16.10 18.00 0.16 12.00
11/5/96 III - 1230 7.25 28.00 0.00 250 182 1720 1538 547 914 9.70 21.30 0.16 15.00
Average III-av - 1207 7.13 27.88 030 229 129 1682 1558 432 939 8.01 17.42 0.13 16.43
27/11 and 1 /12/1995 IV - 1200 6.80 29.65 - 226 189 1700 1469 341 805 10.90 18.08 0.11 2.00
21/3/96 IV - 1220 7.53 31.00 0.80 163 94 1384 1290 286 667 0.00 16.50 0.17 4.00
6/4/96 IV - 1215 6.84 30.00 0.00 162 68 1608 1540 255 510 0.00 12.00 0.12 5.00
23/4/96 IV - 1220 7.30 27.00 0.20 175 49 1776 1727 248 628 13.50 18.60 0.13 38.00
29/4/96 IV - 1205 6.86 27.00 0.10 299 128 1836 1708 523 1064 14.90 17.10 0.15 17.00
5/5/96 IV - 1210 7.25 26.50 0.00 209 90 1632 1542 308 868 8.60 17.10 0.14 10.00
11/5/96 IV - 1220 7.29 28.00 0.00 227 110 1756 1646 400 865 18.70 21.90 0.17 6.00
Average IV-av - 1213 7.12 28.45 0.18 209 104 1670 1560 337 772 9.51 17.33 0.14 11.71
27/11 and 1/12/1995 V - 125 7.10 32.90 - 480 287 1690 1281 485 849 2.88 7.13 0.07 5.00
21/3/96 V 1.37E+06 195 7.70 29.75 0.90 390 215 1730 1515 323 933 - - 0.09 12.00
6/4/96 V 1.50E+07 200 7.45 29.80 0.20 476 300 1820 1520 362 852 0.00 15.30 0.09 17.00
23/4/96 V 2.80E+06 199 7.70 27.00 0.40 326 112 1814 1702 273 767 3.20 15.30 0.14 17.00
29/4/96 V 1.72E+07 154 7.34 26.58 0.00 552 294 1764 1470 391 1090 0.00 7.50 0.09 30.00
5/5/96 V 1.46E+07 203 7.20 26.20 0.00 259 100 1634 1534 385 873 3.80 14.40 0.10 10.00
11/5/96 V 1.81E+07 279 7.34 26.83 0.00 271 134 1734 1600 442 874 0.00 17.70 0.13 9.00
Average V-av 1.15E+07 194 7.40 28.44 0.25 393 206 1741 1517 380 891 1.65 12.89 0.10 14.29
27/11 and 1 /12/1995 VI 2.50E+05 190 6.99 29.50 . 313 265 1608 1235 177* 363 5.73 7.35 0.17 2.00
21/3/96 VI 2.30E+04 270 7.63 31.00 0.90 214 179 1428 1249 153 407 0.00 6.30 0.13 3.00
6/4/96 VI 9.00E+06 205 6.85 31.00 0.00 196 88 1602 1514 46 256 2.10 0.00 0.10 2.00
23/4/96 VI 1.60E+07 210 7.10 29.00 0.00 253 94 1844 1750 151 559 0.00 9.30 0.10 43.00
29/4/96 VI 4.30E+05 225 7.13 27.50 0.10 241 116 1752 1636 248 410 5.50 5.10 0.13 46.00
5/5/96 VI 9.00E+05 240 7.09 27.50 0.10 206 76 1638 1562 115 513 3.40 7.50 0.16 5.00
11/5/96 VI 1.40E+06 310 7.12 27.00 0.00 228 48 1500 1452 130 570 0.00 6.90 0.19 5.00
Average Vl-av 4.00E+06 236 7.13 28.93 0.18 236 124 1625 1485 146 440 2J 9 6.06 0.14 15.14
Note: - N ot measured
A
ppendix
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Table C.13 Summary of water quality results at Site 2 (November 1995 - May 1996)
Date of Sampling SamplingPoints
Faecal coliform 
(cfu/100mL) pH
Temp
(°C)
DO
(mg/L)
Turbidity
(FTU)
SS
(mg/L)
TS
(mg/L)
TDS
(mg/L)
b o d 5
(mg/L)
COD
(mg/L)
Nitrate
(NO*3_N)
(mg/L)
Nitrite
(NO'2_N)
(mg/L)
Surfactant
(mg/L)
Oil
(mg/L)
6/12/95 I - 7.30 30.50 - 640 1540 1840 300 1544 1650 25.50 26.70 - -
26/3/96 I 4.87E+07 8.25 27.50 2.03 184 709 2540 1831 502 1636 4.00 10.20 - -
2/4/96 I 2.20E+08 7.90 26.10 1.28 728 1116 3153 2037 715 2553 7.86 14.34 - -
26/4/96 1 - - - - - - - - - - - - - -
2/5/96 I 8.50E+06 7.90 21.10 2.85 461 594 4097 3503 784 1633 8.28 4.98 - -
8/5/96 I 4.72E+06 8.40 20.90 2.80 736 1365 2855 1490 779 2760 11.53 8.04 - -
Average I-av 7.06E+07 7.95 25.22 2.24 550 1065 2897 1832 865 2046 11.43 12.85 - -
6/12/95 II - 7.30 29.50 - 372 397 1470 1074 330 604 0.90 2.40 0.26 8.50
26/3/96 11 1.66E+08 7.28 30.90 0.36 513 480 2222 1742 774 1823 3.50 13.65 0.23 13.00
2/4/96 II 5.16E+07 8.30 29.70 0.92 288 273 1876 1603 450 842 6.18 16.32 0.14 51.00
26/4/96 11 3.00E+06 5.23 25.00 0.10 332 256 1658 1402 1216 1598 10.90 10.50 0.35 1.00
2/5/96 II 8.73E+07 6.80 26.00 0.76 307 396 2268 1873 792 1832 6.24 8.16 0.19 10.30
8/5/96 II 3.96E+07 7.90 25.70 0.56 296 250 1779 1529 625 986 7.66 12.90 0.13 17.20
Average Il-av 6.96E+07 7.14 27.80 0.54 351 342 1879 1537 698 1281 5.90 10.66 0.21 16.83
6/12/95 III - 7.60 28.00 - 106 59 1394 1335 303 457 0.00 9.90 0.24 3.00
26/3/96 III - 6.50 29.50 0.50 224 123 1692 1596 410 1044 0.00 17.40 0.26 35.00
2/4/96 III - 6.67 29.00 0.20 289 172 1676 1504 519 1046 0.00 18.00 0.16 25.00
26/4/96 III - 6.62 27.00 0.30 299 248 1820 1572 693 1024 11.80 19.50 0.16 104.00
2/5/96 III - 6.85 25.00 0.00 255 164 1530 1366 199 751 8.80 15.00 0.13 22.00
8/5/96 III - 6.70 24.00 0.00 306 688 1894 1206 671 1325 0.40 18.00 0.22 21.00
Average III-av - 6.82 27.08 0.20 247 242 1668 1430 466 941 3.50 16.30 0.19 35.00
6/12/95 IV - 7.30 28.00 - 89 47 1322 1276 300 458 0.00 10.20 0.19 3.00
26/3/96 IV - 6.60 29.50 0.70 237 44 1652 1608 443 964 0.00 15.30 0.19 22.00
2/4/96 IV - 6.97 29.00 0.10 223 123 1554 1431 473 806 0.00 18.60 0.17 62.00
26/4/96 IV - 6.70 27.00 0.10 268 200 1588 1388 570 890 15.70 18.90 0.16 52.00
2/5/96 IV - 6.95 24.50 0.00 245 136 1568 14332 292 775 11.30 16.20 0.20 29.00
8/5/96 IV - 6.80 24.00 0.00 239 142 1618 1476 694 922 9.00 20.70 0.15 29.00
Average IV-av - 6.89 27.00 0.18 217 115 1550 3585 462 802 6.00 16.65 0.18 32.83
6/12/95 V 1.00E+06 7.80 31.00 - 139 107 1248 1141 218 343 6.30 7.80 0.21 2.00
26/3/96 V 4.60E+06 7.02 29.16 0.30 321 128 1568 1440 325 903 0.00 2.43 0.18 47.00
2/4/96 V 7.92E+07 7.37 28.40 0.05 259 99 1662 1563 585 808 0.00 18.00 0.16 2.00
26/4/96 V 1.00E+06 7.30 27.00 0.05 267 164 1490 1326 501 702 7.60 15.90 0.19 85.00
2/5/96 V 4.06E+07 7.25 25.40 0.10 251 98 1486 1388 153 670 2.60 13.20 0.19 4.00
8/5/96 V 6.90E+07 7.21 24.70 0.00 257 131 1546 1415 524 838 0.00 15.30 0.12 52.00
Average V-av 3.26E+07 7.33 27.61 0.10 249 121 1500 1379 384 711 2.75 12.11 0.17 32.00
Note: - Not measured
A
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Table C.14 Summary of water quality results at Site 3 (November 1995 - May 1996)
Date of Sampling SamplingPoints
Faecal coliform 
(cfu/100mL)
Water
Level
(mm)
PH
Temp
(°C)
DO
(mg/L)
Turbidity
(FTU)
SS
(mg/L)
TS
(mg/L)
TDS
(mg/L)
COD
(mg/L)
Nitrate
(NO-*_N)
(mg/L)
Nitrite
(NO'2_N)
(mg/L)
Surfactant
(mg/L)
Oil
(mg/L)
11/12/96 I 6.00E+04 155 7.10 24.00 - 727 1188 2611 1424 1650 10.60 19.20 - -
9/4/96 I 1.08E+07 85 7.86 27.00 0.00 768 770 2328 1558 2180 9.80 13.80 - -
11/4/96 1 7.80E+07 62 8.07 23.70 1.93 379 512 2359 1847 1311 12.90 10.30 - -
14/5/96 I 3.38E+06 83 7.67 17.50 3.85 400 342 2041 1699 1836 3.90 - - -
17/5/96 1 4.25E+06 105 7.52 17.00 4.33 339 397 2145 1749 1562 5.20 - - -
Average I-av 1.93E+07 98 7.64 21.84 2.53 523 642 2297 1655 1708 8.48 14.43 - -
11/12/96 II 3.97E+06 530 8.20 28.00 724 726 3280 2554 1096 3.62 14.58 0.32 52.67
9/4/96 11 3.25E+06 640 8.54 30.30 1.72 298 221 2141 1920 982 1.10 10.70 0.21 26.00
11/4/96 II 1.10E+07 322 8.60 28.70 1.45 270 269 2586 2317 1167 3.10 15.70 0.17 65.33
14/5/96 II 1.65E+08 245 6.32 30.00 0.75 320 486 2164 1678 1638 3.43 - 0.29 2.11
17/5/96 II 1.92E+08 430 6.31 28.50 0.45 260 260 1876 1616 1688 4.90 - 0.30 1.00
Average n-av 7.51E+07 433 7.59 29.10 1.09 374 392 2409 2017 1314 3.23 13.66 0.26 29.42
11/12/96 III - 1200 6.30 29.00 287 242 1778 1536 1281 0.00 14.70 0.92 16.00
9/4/96 III - 1190 6.70 30.00 0.00 410 400 1984 1584 1874 0.00 14.70 0.15 10.00
11/4/96 III - 1195 7.01 29.00 0.00 290 122 1648 1526 955 0.00 15.00 0.16 26.00
14/5/96 III - 1195 6.95 25.00 0.40 306 222 1534 1312 1170 2.00 - 0.14 62.50
17/5/96 III - 1190 6.58 25.00 0.00 217 120 1618 1498 896 2.30 - 0.22 19.00
Average Ill-av - 1194 6.71 27.60 0.10 302 221 1712 1491 1235 0.86 14.80 031 26.70
11/12/96 IV - 1200 6.30 29.00 - 184 102 1588 1486 762 0.00 14.10 0.13 9.50
9/4/96 IV - 1210 6.84 30.00 0.00 221 120 1744 1624 728 0.00 16.50 0.21 9.00
11/4/96 IV - 1205 7.10 29.00 0.00 249 48 1538 1490 760 0.00 10.80 0.24 34.00
14/5/96 IV - 1210 7.02 25.00 0.60 174 78 1396 1318 577 0.00 - 0.14 3.00
17/5/96 IV - 1220 6.80 25.00 0.00 162 72 1532 1460 664 0.00 - 0.20 2.00
Average IV-av - 1209 6.81 27.60 0.15 198 84 1560 1476 698 0.00 13.80 0.18 1130
11/12/96 V 2.31E+06 50 6.80 25.00 291 106 1378 1272 543 1.00 7.50 0.14
9/4/96 V 2.55E+07 78 7.43 28.20 0.30 269 133 1708 1575 624 0.00 8.10 0.26 14.00
11/4/96 V 1.00E+06 53 7.68 27.92 0.00 292 88 1570 1482 460 0.00 1.20 0.14 8.00
14/5/96 V - 0 - - - - - - - - - - - -
17/5/96 V - 0 - - - - - - - - - - - -
Average V-av 9.60E+06 36 730 27.04 0.15 284 109 1552 1443 542 033 5.60 0.18 11.00
11/12/96 VI 6.80E+05 200 6.40 27.00 - 134 64 1192 1128 280 0.00 2.40 0.14 2.00
9/4/96 VI 2.20E+07 265 7.60 30.00 0.00 1004 2390 3338 408 238 0.00 0.00 0.14 0.00
11/4/96 VI 1.40E+07 230 7.66 29.00 0.00 147 136 1474 1338 236 0.00 4.50 0.24 2.00
14/5/96 VI - 0 - - - - - - - - - - - -
17/5/96 VI - 0 - - - - - - - - - - - -
Average Vl-av 1.22E+07 139 7.22 28.67 0.00 428 863 2001 958 251 0.00 230 0.17 133
Note: - Not measured
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Table D .l Summary of water quality results of the pilot tank
Date Sampling
round
Temperature, °C pH Turbidity, FTU DO, mg/L N O >N , mg/L
Influent Effluent Influent Effluent Influent Effluent Removal,
%
Influent Effluent Influent Effluent
28/1/98 1 25.0 25.0 7.5 6.5 59 45 24 - - - -
6/2/98 2 25.0 25.0 7.5 8.8 456 55 88 1.0 5.7 - -
11/2/98 3 25.0 26.5 7.5 7.0 256 54 79 5.6 5.9 - -
18/2/98 4 24.5 23.0 7.6 7.6 376 74 80 0.6 3.7 - -
25/2/98 5 27.0 25.5 7.8 6.3 418 108 74 0.2 3.7 - -
3/3/98 6 27.0 26.0 8.3 8.2 336 112 67 0.6 0.3 - -
11/3/98 7 27.0 25.0 7.6 7.4 231 170 26 0.2 0.3 - -
18/3/98 8 25.0 25.0 6.6 7.1 236 107 55 0.4 1.2 - -
25/3/98 9 20.0 19.0 6.8 7.0 386 72 81 0.3 4.5 - -
1/4/98 10 22.0 22.0 7.0 7.5 422 73 83 0.4 2.0 0
8/4/98 11 27.0 27.0 6.6 7.2 1020 77 92 0.6 0.4 - 3.7
22/4/98 12 18.5 19.0 6.7 6.7 265 113 57 0.5 4.7 0 2
1/5/98 13 18.0 18.0 6.6 7.0 460 83 82 0.3 1.2 - -
8/5/98 14 19.0 17.0 7.6 7.9 128 54 58 0.4 3.2 0.0 0.9
15/5/98 15 19.0 18.0 7.4 7.6 428 100 77 0.5 5.6 - -
22/5/98 16 17.0 17.0 7.1 7.5 114 57 50 0.6 9.7 0.0 1.0
29/5/98 17 21.0 21.0 7.2 7.6 214 105 51 0.3 0.8 - -
5/6/98 18 20.0 18.0 7.0 7.5 104 36 65 6.2 8.8 - -
12/6/98 19 18.0 17.0 7.4 7.8 275 65 76 0.8 8.2 - -
19/6/98 20 17.0 16.0 7.4 8.0 194 97 50 0.6 6.4 - -
Average 22.1 21.5 7 3 7.4 319 83 66 1.1 4.0 0 . 0 1.9
Table D .l Summary of water quality results o f the pilot tank (continued)
Date Sampling
round
N O >N , mg/L SS, mg/L BOD5, mg/L COD, mg/L
Influent Effluent Influent Effluent Removal,
%
Influent Effluent Removal,
%
Influent Effluent Removal,
%
28/1/98 1 - - 31 3 91 54 54 0 105 82 22
6/2/98 2 - - 454 13 97 245 19 92 884 126 86
11/2/98 3 - - 236 22 91 166 56 66 588 159 73
18/2/98 4 - - 536 23 96 364 100 73 945 177 81
25/2/98 5 - - 548 46 92 283 152 46 874 270 69
3/3/98 6 - - 484 55 89 383 169 56 777 254 67
11/3/98 7 - - 140 59 58 388 284 27 500 357 29
18/3/98 8 - - 135 43 68 480 207 57 422 260 38
25/3/98 9 - - 190 15 92 431 188 56 618 207 67
1/4/98 10 0 - 188 29 85 439 201 54 615 221 64
8/4/98 11 3.9 690 43 94 596 292 51 1484 213 86
22/4/98 12 0 3.9 116 48 59 429 276 36 466 318 32
1/5/98 13 - - 233 32 86 465 446 4 539 191 65
8/5/98 14 - - 85 19 78 202 122 40 240 141 41
15/5/98 15 - - 811 97 88 420 333 21 463 212 54
22/5/98 16 - 1.2 109 45 59 225 165 27 240 131 45
29/5/98 17 - 1.2 248 92 63 195 192 2 272 154 43
5/6/98 18 - - 104 29 72 172 38 78 156 61 61
12/6/98 19 - - 225 51 77 209 127 39 302 89 71
19/6/98 20 - - 213 86 60 325 269 17 264 185 30
Average 0.0 2.6 289 42 80 324 185 42 538 190 56
Note: - Not measured
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Table D.2 Summary of water quality results of the Bioellipse-300 column
Date Sampling
round
Temperature, °C pH Turbidity, FTU DO, mg/L NO VN, mg/L
Influent Effluent Influent Effluent Influent Effluent Removal, % Influent Effluent Influent Effluent
28/1/98 1 25.0 23.0 7.5 6.5 59 28 53 - - - -
6/2/98 2 25.0 25.0 7.5 8.0 59 31 47 1.0 6.2 - -
11/2/98 3 25.1 22.0 7.5 6.9 256 58 77 5.6 4.1 - -
18/2/98 4 24.5 20.0 7.6 7.2 376 88 77 0.6 1.1 - -
25/2/98 5 27.0 24.5 7.8 7.3 418 51 88 0.2 0.7 - -
3/3/98 6 27.0 24.0 8.3 8.1 336 58 83 0.6 0.6 - -
11/3/98 7 25.0 23.0 6.9 7.2 231 85 63 0.3 0.2 - -
18/3/98 8 24.0 22.0 6.6 6.6 177 42 76 0.4 1.4 - -
25/3/98 9 19.0 17.5 6.7 6.9 125 76 39 0.5 0.5 - -
1/4/98 10 22.0 18.5 7.0 7.1 112 39 65 0.4 3.8 - 3.8
8/4/98 11 27.0 24.0 6.8 6.9 98 38 61 0.7 4.4 - -
Average 24.6 22.1 7.3 7.1 204 54 66 1 .0 2.3 - 3.8
Table D.2 Summary of water quality results of the Bioellipse-300 column (continued)
Date Sampling
round
N O V N , mg/L SS, mg/L BOD5, mg/L COD, mg/L
Influent Effluent Influent Effluent Removal,
%
Influent Effluent Removal,
%
Influent Effluent Removal,
%
28/1/98 1 - - 31 6 82 54 32 41 105 68 36
6/2/98 2 - - 31 11 65 54 12 78 105 95 10
11/2/98 3 - - 236 31 87 166 73 56 588 173 71
18/2/98 4 - - 536 59 89 364 73 80 945 221 77
25/2/98 5 - - 548 22 96 283 169 40 874 152 83
3/3/98 6 - - 484 29 94 383 190 50 777 160 79
11/3/98 7 - - 93 32 66 234 40 83 453 223 51
18/3/98 8 - - 43 9 79 286 120 58 350 161 54
25/3/98 9 - - 22 20 9 189 111 41 318 191 40
1/4/98 10 - 2.3 29 25 14 197 70 64 335 119 64
8/4/98 11 - - 43 23 47 355 285 20 293 98 67
Average - 2.3 191 24 66 233 107 56 468 151 57
Note: - Not measured
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Table D.3 Summary of water quality results of the Bioellipse-400 column
Date Sampling
round
Temperature, °C pH T urbid ity , FTU DO, mg/L N O \-N , mg/L
Influent Effluent Influent Effluent Influent Effluent Removal,
%
Influent Effluent Influent Effluent
28/1/98 1 25.0 23.0 7.5 6.5 59 52 12 - - - -
11/2/98 3 25.1 22.0 7.5 6.4 256 30 88 5.6 6.7 - -
18/2/98 4 24.5 20.0 7.6 7.2 376 70 81 0.6 1.3 - -
25/2/98 5 27.0 24.5 7.8 7.3 418 84 80 0.2 0.3 - -
3/3/98 6 27.0 24.0 8.3 8.1 336 83 75 0.6 0.4 - -
11/3/98 7 25.0 23.0 6.9 6.9 231 64 72 0.3 0.5 - -
18/3/98 8 24.0 22.0 6.6 6.6 177 87 51 0.4 0.3 - -
25/3/98 9 19.0 17.5 6.7 7.2 125 54 57 0.5 0.7 - -
1/4/98 10 22.0 18.5 7.0 7.1 112 52 54 0.4 1.5 2.7 _
8/4/98 11 24.0 24.0 6.8 6.8 98 97 1 0.7 1.7 - _
Average 24.3 21.9 7.3 7.0 219 67 57 1 .0 1.5 2.7 -
Table D.3 Summary of water quality results of the Bioellipse-400 column (continued)
Date Sampling
round
NO',-N . me/L SS, mg/L BOD5, mg/L COD, mg/L
Influent Effluent Influent Effluent Removal,
%
Influent Effluent Removal,
%
Influent Effluent Removal,
%
28/1/98 1 - - 31 22 31 54 55 -2 105 98 7
11/2/98 3 - - 236 21 91 166 39 77 588 116 80
18/2/98 4 - - 536 46 91 364 61 83 945 184 81
"25/2/98 5 - - 548 38 93 283 86 70 874 221 75
3/3/98 6 - - 484 39 92 383 133 65 777 198 75
11/3/98 7 - - 93 17 82 234 117 50 453 215 53
18/3/98 8 - - 43 26 40 286 82 71 350 220 37
25/3/98 9 - - 22 31 -41 189 216 -14 318 139 56
1/4/98 r  10 3.3 - 29 29 0 197 83 58 335 150 55
8/4/98 11 - - 43 34 21 355 344 3 293 211 28
Average 3.3 - 207 30 50 251 122 46 504 175 55
Note: - Not measured
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Table D.4 Summary of water quality results of the Accupac-300 column
D ate Sam pling
round
T em perature, °C pH T u rb id ity , FTU D O , m g/L N O  3- N , m g/L
Influent E ffluent Influent E ffluent Influent E ffluent Rem oval,
%
Influent E ffluent Influent E ffluent
28/1/98 1 25.0 - 7.5 - 59 - - - - - -
6/2/98 2 25.0 - 7.5 - 456 - - 1.0 - - -
11/2/98 3 25.1 - 7.5 - 256 - - 5.6 - - -
18/2/98 4 24.5 - 7.6 - 376 - - 0.6 - - -
25/2/98 5 27.0 - 7.8 - 418 - - 0.2 - - -
3/3/98 6 27.0 - 8.3 - 336 - - 0.6 - - -
11/3/98 7 25.0 - 6.9 - 231 - - 0.3 - - -
18/3/98 8 24.0 22.0 6.6 7.1 177 125 29 0.4 0.3 - -
25/3/98 9 19.0 17.5 6.7 7.3 125 99 21 0.5 0.3 - -
1/4/98 10 22.0 18.5 7.0 7.7 112 79 29 0.4 0.9 - -
8/4/98 11 24.0 24.0 6.8 7.1 98 64 35 0.7 1.5 2.7 -
22/4/98 12 19.0 17.0 6.4 7.2 151 80 47 1.0 0.6 2.5 1.3
1/5/98 13 18.0 16.0 6.6 7.0 189 57 70 0.6 1.6 - -
8/5/98 14 17.0 14.0 7.4 7.8 185 61 67 0.4 4.9 0.0 6.6
15/5/98 15 18.0 17.0 7.2 7.4 273 156 43 0.4 0.6 - -
22/5/98 16 16.0 15.0 6.9 7.5 174 49 72 0.5 8.4 0.0 0.5
29/5/98 17 18.0 16.0 7.2 7.2 235 78 67 0.4 0.6 - -
5/6/98 18 17.0 16.0 7.0 7.5 49 48 2 5.9 8.2 - -
12/6/98 19 17.0 16.0 7.2 7.5 185 44 76 0.8 8.0 - -
19/6/98 20 14.0 12.0 7.5 7.8 208 94 55 0.6 2.4 - -
Average 21.1 17.0 7.2 7.4 215 80 47 1.1 2.9 - -
Table D.4 Summary of water quality results of the Accupac-300 column (continued)
Date Sampling
round
NO'2-N , mg/L SS, mg/L BOD5, mg/L COD, mg/L
Influent Effluent Influent Effluent Removal,
%
Influent Effluent Removal,
%
Influent Effluent Removal,
%
28/1/98 1 - - 31 - - 54 - - 105 - -
6/2/98 2 - . - 454 - - 245 - - 884 - -
11/2/98 3 - - 236 - - 166 - - 588 - -
18/2/98 4 - - 536 - - 364 - - 945 - -
25/2/98 5 - - 548 - - 283 - - 874 - -
3/3/98 6 - - 484 - - 383 - - 111 - -
11/3/98 7 - - 93 - - 234 - - 453 - -
18/3/98 8 - - 43 55 53 286 211 26 350 264 25
25/3/98 9 - - 22 20 9 189 213 * 318 249 22
1/4/98 10 - - 29 29 0 197 170 14 335 204 39
8/4/98 11 3.3 - 43 39 9 355 269 24 293 161 45
22/4/98 12 3.0 31 43 * 317 227 28 315 178 43
1/5/98 13 - - 38 44 * 397 330 17 260 152 42
8/5/98 14 - - 27 71 * 150 127 15 171 180 *
15/5/98 15 - - 345 181 48 354 444 * 287 197 31
22/5/98 16 - - 183 29 84 180 108 40 165 109 34
29/5/98 17 - - 290 65 78 195 210 * 204 153 25
5/6/98 18 - - 34 33 3 75 201 * 75 89 *
12/6/98 19 - - 211 27 87 221 152 31 129 73 43
19/6/98 20 - - 243 66 73 312 242 22 221 175 21
Average 33 3.0 196 54 44 248 223 24 387 168 34
Note: - Not measured; *- Omitted values as they appeared to be abnormal.
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Table D.5 Summary of water quality results of the Accupac-450 column
D ate Sam pling
round
T em perature, °C pH T u r b id ity , FTU D O , m g/L N O > N , m g/L
Influent E ffluent Influent Effluent Influent E ffluent R em oval,
%
Influent E ffluent Influent Effluent
28/1/98 1 25.0 - 7.5 - 59 - - - - - -
6/2/98 2 25.0 - 7.5 - 456 - - 1.0 - - -
11/2/98 3 25.1 - 7.5 - 256 - - 5.6 - - -
18/2/98 4 24.5 - 7.6 - 376 - - 0.6 - - -
25/2/98 5 27.0 - 7.8 - 418 - - 0.2 - - -
3/3/98 6 27.0 - 8.3 - 336 - ■ - 0.6 - - -
11/3/98 7 25.0 - 6.9 - 231 - - 0.3 - - -
18/3/98 8 24.0 - 6.6 - 177 - - 0.4 - - -
25/3/98 9 19.0 - 6.7 - 125 - - 0.5 - - -
1/4/98 10 22.0 - 7.0 - 112 - - 0.4 - - -
8/4/98 11 24.0 - 6.8 - 98 - - 0.7 - - -
22/4/98 12 19.0 17.0 6.4 7.5 151 103 32 1 . 0 0.5 - 0.5
1/5/98 13 18.0 16.0 6.6 7.0 189 74 61 0.6 0.8 - -
8/5/98 14 17.0 14.0 7.4 7.9 185 52 72 0.4 4.2 0 . 0 1.7
15/5/98 15 18.0 17.0 7.2 7.5 273 65 76 0.4 1.6 - -
22/5/98 16 16.0 15.0 6.9 7.4 174 34 80 0.5 8.7 0 . 0 5.1
29/5/98 17 18.0 16.0 7.2 7.3 235 52 78 0.4 1.6 - -
5/6/98 18 17.0 16.0 7.0 7.5 49 32 35 5.9 8.6 - -
12/6/98 19 17.0 16.0 7.2 7.5 185 26 86 0.8 9.0 - -
19/6/98 20 14.0 12.0 7.5 7.8 208 163 22 0.6 1.6 - -
A verage 21.1 15.4 7.2 7.5 215 67 60 1.1 4.1 - 2.4
Table D.5 Summary of water quality results of the Accupac-450 column (continued)
Date Sampling
round
NO*2-N , mg/L SS, mg/L BOD5, mg/L COD, mg/L
Influent Effluent Influent Effluent Removal,
%
Influent Effluent Removal,
%
Influent Effluent Removal,
%
28/1/98 1 - - 31 - - 54 - - 105 - -
6/2/98 2 - - ■ 454 - - 245 - - 884 - .
11/2/98 3 - - 236 - - 166 - - 588 - -
18/2/98 4 - - 536 - - 364 - - 945 - -
25/2/98 5 - - 548 - - 283 - - 874 . -
3/3/98 6 - - 484 - - 383 - - 777 . .
11/3/98 7 - - 93 - - 234 - - 453 . -
18/3/98 8 - - 43 - - 286 - - 350 .
25/3/98 9 - - 22 - - 189 - - 318 - .
1/4/98 10 - - 29 - - 197 - - 335 - -
8/4/98 11 - - 43 - - 355 - - 293 - -
22/4/98 12 - 3.3 31 52 * 317 284 10 315 202 36
1/5/98 13 - - 38 37 3 397 327 18 260 171 34
8/5/98 14 - - 27 25 7 150 186 * 171 134 22
15/5/98 15 - - 345 44 87 354 314 11 287 156 46
22/5/98 16 - - 183 23 87 180 84 53 165 107 35
29/5/98 17 - - 290 32 89 195 165 15 204 115 44
5/6/98 18 - - 34 25 26 75 159 * 75 75 0
12/6/98 19 - - 211 17 92 221 120 46 129 65 50
19/6/98 20 - - 243 184 24 312 310 1 221 506 *Average * 33 196 49 52 248 217 22 387 170 33
Note: - Not measured; *- Omitted values as they appeared to be abnormal.
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Table D.6 Summary of water quality results of the Accupac-600 column
O
ON
D ate Sam pling Tem perature, °C pH T u r b id ity , FTU D O , m g/L N O > N , m g/L
round Influent Effluent Influent E ffluent Influent Effluent R em oval,
%
Influent E ffluent Influent Effluent
28/1/98 1 25.0 - 7.5 - 59 - - - - - -
6/2/98 2 25.0 - 7.5 - 456 - - 1.0 - - -
11/2/98 3 25.1 - 7.5 - 256 - - 5.6 - - -
18/2/98 4 24.5 - 7.6 - 376 - - 0.6 - - -
25/2/98 5 27.0 - 7.8 - 418 - - 0.2 - - -
3/3/98 6 27.0 - 8.3 - 336 - - 0.6 - - -
11/3/98 7 25.0 - 6.9 - 231 - - 0.3 - - -
18/3/98 8 24.0 - 6.6 - 177 - - 0.4 - - -
25/3/98 9 19.0 - 6.7 - 125 - - 0.5 - - -
1/4/98 10 22.0 - 7.0 - 112 - - 0.4 - - -
8/4/98 11 24.0 - 6.8 - 98 - - 0.7 - - -
22/4/98 12 19.0 - 6.4 - 151 - - 1.0 - - -
1/5/98 13 18.0 16.0 6.6 7.0 189 91 52 0.6 0.4 - -
8/5/98 14 17.0 14.0 7.4 8.1 185 51 72 0.4 4.0 0.0 0.2
15/5/98 15 18.0 17.0 7.2 7.4 273 59 78 0.4 1.3 -
22/5/98 16 16.0 15.0 6.9 7.4 174 40 77 0.5 8.6 0.0 2.2
29/5/98 17 18.0 16.0 7.2 7.4 235 63 73 0.4 0.3 - -
5/6/98 18 17.0 16.0 7.0 7.5 49 37 24 5.9 8.8 - -
12/6/98 19 17.0 16.0 7.2 7.6 185 33 82 0.8 8.8 - -
19/6/98 20 14.0 12.0 7.5 7.8 208 64 69 0.6 4.6 - -
A verage 21.1 15.3 7.2 7.5 215 55 66 1.1 4.6 - -
Table D .6 Summary of water quality results o f the Accupac-600 column (continued)
Date Sampling
round
SS, mg/L BOD«;, mg/L COD, mg/L
Influent Effluent Removal,
%
Influent Effluent Removal,
%
Influent Effluent Removal,
%
28/1/98 1 31 - - 54 - - 105 - -
6/2/98 2 454 - - 245 - - 884 - -
11/2/98 3 236 - - 166 - - 588 - -
18/2/98 4 536 - - 364 - - 945 - -
25/2/98 5 548 - - 283 - - 874 - -
3/3/98 6 484 - - 383 - - 777 - -
11/3/98 7 93 - - 234 - - 453 - -
18/3/98 8 43 - - 286 - - 350 - -
25/3/98 9 22 - - 189 - - 318 - -
1/4/98 10 29 - - 197 - - 335 - -
8/4/98 11 43 - - 355 - - 293 - -
22/4/98 12 31 - - 317 - - 315 . -
1/5/98 13 38 38 0 397 345 13 260 184 29
8/5/98 14 27 19 30 150 203 * 171 129 25
15/5/98 15 345 44 87 354 263 26 287 400 *
22/5/98 16 183 21 89 180 120 33 165 100 39
29/5/98 17 290 46 84 195 120 38 204 120 41
5/6/98 18 34 25 26 75 117 * 75 53 29
12/6/98 19 211 17 92 221 127 43 129 89 31
19/6/98 20 243 43 82 312 198 37 221 133 40
Average 196 32 61 248 187 32 387 151 34
Note: - Not measured; *- Omitted values as they appeared to be abnormal.
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Table D.7 Bioellipse data used in calibrating Phelps (1944) model to find
Date D epth (D), m - ln (S e/S |) (0)T'2° [ - ln (S e/S i)]/(0 )T 2 °
11/2/98 0.3 0.82 1.19 0.69
18/2/98 0.3 1.61 1.17 1.38
25/2/98 0.3 0.52 1.27 0.41
3/3/98 0.3 0.70 1.27 0.55
11/3/98 0.3 1.77 1.19 1.49
18/3/98 0.3 0.87 1.15 0.76
6/2/98 0.4 1.69 1.19 1.43
11/2/98 0.4 1.45 1.19 1.22
18/2/98 0.4 1.79 1.17 1.53
25/2/98 0.4 1.19 1.27 0.94
3/3/98 0.4 1.06 1.27 0.83
11/3/98 0.4 0.69 1.19 0.58
18/3/98 0.4 1.25 1.15 1.09
Note: 0 = constant =1.035 as commonly used in trickling filters.
Table D.8 Bioellipse data used in calibrating Howland (1958) model to find
Date Depth (D), m Retention time (tr), d -ln(Se/Si)
«T-200 [-ln(S(./Si)]/0T-20
11/2/98 0.3 1.09 0.82 1.19 0 .69
18/2/98 0.3 1.09 1.61 1.17 1.38
25/2/98 0.3 0 .90 0.52 1.27 0.41
3/3/98 0.3 0.90 0.70 1.27 0.55
11/3/98 0.3 1.09 1.77 1.19 1.49
18/3/98 0.3 0.92 0.87 1.15 0.76
6/2/98 0 .4 1.46 1.69 1.19 1.43
11/2/98 0 .4 1.46 1.45 1.19 1.22
18/2/98 0 .4 1.46 1.79 1.17 1.53
25/2/98 0 .4 1.21 1.19 1.27 0.94
3/3/98 0 .4 1.21 1.06 1.27 0.83
11/3/98 0 .4 1.46 0.69 1.19 0.58
18/3/98 0 .4 1.24 1.25 1.15 1.09
Note: 0 = constant =1.035 as commonly used in trickling filters.
Table D.9 Bioellipse data used in calibrating Sinkoff (1959) model to find K20
Date Depth (D), m Retention time (tr), d - l n ( S e/S i)
.T -2 0 [ - ln ( S e /S i ) ] /0 T-20
11/2/98
18/2/98
25/2/98
3/3/98
11/3/98
18/3/98
6/2/98
11/2/98
18/2/98
25/2/98
3/3/98
11/3/98
18/3/98
0.3
0.3
0.3
0.3
0.3
0.3
0.4
0 .4
0.4
0.4
0.4
0.4
0.4
3.56
3.56
2.94
2.94
3.56
3.01
4.75
4.75
4.75
3.92
3.92
4.75
4.01
0.82
1.61
0.52
0.70
1.77
0.87
1.69
1.45
1.79
1.19
1.06
0.69
1.25
1.19
1.17
1.27
1.27
1.19
1.15
1.19
1.19
1.17
1.27
1.27
1.19
1.15
0.69
1.38
0.41
0.55
1.49
0.76
1.43
1.22
1.53
0.94
0.83
0.58
1.09
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Table D.10 Bioellipse data used in calibrating Schultz (1960) model to find
Date Depth (D), m [ - ln (S e/S i)]/(1 0 .7 5 )n+1Q v' n
11/2/98 0.3 0.0009
18/2/98 0.3 0.0017
25/2/98 0.3 0.0005
3/3/98 0.3 0.0007
11/3/98 0.3 0.0019
18/3/98 0.3 0.0009
6/2/98 0.4 0.0018
11/2/98 0.4 0.0015
18/2/98 0.4 0.0019
25/2/98 0.4 0.0013
3/3/98 0.4 0.0011
11/3/98 0.4 0.0007
18/3/98 0.4 0.0013
Table D .l 1 Accupac data used in calibrating Phelps (1944) model to find
Date Depth (D), m - l n ( S e/Si) (0)T 20 [ - M S e / S i ) ] / « 1 ' 20
1/4/98 0.3 0.15 1.07 0.14
8/4/98 0.3 0.28 1.15 0.24
22/4/98 0.3 0.33 0.97 0.35
1/5/98 0.3 0.18 0.93 0.20
8/5/98 0.3 0.17 0.90 0.18
22/5/98 0.3 0.51 0.87 0.59
12/6/98 0.3 0.37 0.90 0.41
19/6/98 0.3 0.25 0.81 0.31
22/4/98 0.45 0.11 0.97 0.11
1/5/98 0.45 0.19 0.93 0.21
15/5/98 0.45 0.12 0.93 0.13
22/5/98 0.45 0.76 0.87 0.87
29/5/98 0.45 0.17 0.93 0.18
12/6/98 0.45 0.61 0.90 0.68
1/5/98 0.6 0.14 0.93 0.15
15/5/98 0.6 0.30 0.93 0.32
22/5/98 0.6 0.41 0.87 0.47
29/5/98 0.6 0.49 0.93 0.52
12/6/98 0.6 0.55 0.90 0.61
19/6/98 0.6 0.45 0.81 0.56
22/4/98 0.3 0.14 0.97 0.14
8/5/98 0.3 0.21 0.90 0.23
15/5/98 0.3 0.06 0.93 0.07
22/5/98 0.3 0.09 0.87 0.10
29/5/98 0.3 0.02 0.93 0.02
5/6/98 0.3 0.68 0.90 0.75
12/6/98 0.3 0.55 0.90 0.61
19/6/98 0.3 0.15 0.81 0.18
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Table D.12 Accupac data used in calibrating Howland (1958) model to find
Date Depth (D), m Retention time 
(tr), d - ln (S e/Si)
T -2 00 [-ln (Se/S |)]/0TiO
1/4/98 0.30 1.74 0.15 1.07 0.14
8/4/98 0.30 1.76 0.28 1.15 0.24
22/4/98 0.30 1.84 0.33 0.97 0.35
1/5/98 0.30 1.82 0.18 0.93 0.20
8/5/98 0.30 1.81 0.17 0.90 0.18
22/5/98 0.30 1.79 0.51 0.87 0.59
12/6/98 0.30 1.81 0.37 0.90 0.41
19/6/98 0.30 1.92 0.25 0.81 0.31
22/4/98 0.45 2.57 0.11 0.97 0.11
1/5/98 0.45 2.68 0.19 0.93 0.21
15/5/98 0.45 2.57 0.12 0.93 0.13
22/5/98 0.45 2.68 0.76 0.87 0.87
29/5/98 0.45 2.66 0.17 0.93 0.18
12/6/98 0.45 2.66 0.61 0.90 0.68
1/5/98 0.60 3.40 0.14 0.93 0.15
15/5/98 0.60 3.35 0.30 0.93 0.32
22/5/98 0.60 3.40 0.41 0.87 0.47
29/5/98 0.60 3.55 0.49 0.93 0.52
12/6/98 0.60 3.49 0.55 0.90 0.61
19/6/98 0.60 3.52 0.45 0.81 0.56
22/4/98 0.3 0.44 0.14 0.97 0.14
8/5/98 0.3 0.44 0.21 0.90 0.23
15/5/98 0.3 0.44 0.06 0.93 0.07
22/5/98 0.3 0.43 0.09 0.87 0.10
29/5/98 0.3 0.44 0.02 0.93 0.02
5/6/98 0.3 0.44 0.68 0.90 0.75
12/6/98 0.3 0.44 0.55 0.90 0.61
19/6/98 0.3 0.47 0.15 0.81 0.18
Table D.13 Accupac data used in calibrating Sinkoff (1959) model to find
Date Depth (D), m
Retention time
(tr )  , d - ln ( S e/Sj) 0 T'20 [—ln (S e/S i) ] /0 T"20
1/4/98 0 .30 1.06 0.15 1.07 0.14
8/4/98 0 .30 1.07 0.28 1.15 0.24
22/4/98 0 .30 1.12 0.33 0.97 0.35
1/5/98 0 .30 1.11 0.18 0.93 0 .20
8/5/98 0 .30 1.10 0.17 0.90 0.18
22/5/98 0 .30 1.09 0.51 0.87 0.59
12/6/98 0 .30 1.10 0.37 0.90 0.41
19/6/98 0 .30 1.17 0.25 0.81 0.31
22/4/98 0.45 1.21 0.11 0.97 0.11
1/5/98 0.45 1.26 0.19 0.93 0.21
15/5/98 0.45 1.21 0 .1 2 0.93 0.13
22/5/98 0.45 1.26 0.76 0.87 0.87
29/5/98 0.45 1.25 0.17 0.93 0.18
12/6/98 0.45 1.25 0.61 0.90 0.68
1/5/98 0 .60 1.61 0.14 0.93 0.15
15/5/98 0 .60 1.58 0.30 0.93 0.32
22/5/98 0 .60 1.61 0.41 0.87 0.47
29/5/98 0 .60 1.68 0.49 0.93 0.52
12/6/98 0 .60 1.65 0.55 0.90 0.61
19/6/98 0 .60 1.66 0.45 0.81 0.56
22/4/98 0.3 0.17 0.14 0.97 0.14
8/5/98 0.3 0.16 0.21 0.90 0.23
15/5/98 0.3 0.17 0.06 0.93 0.07
22/5/98 0.3 0.16 0.09 0.87 0 .10
29/5/98 0.3 0.17 0 .02 0.93 0.02
5/6/98 0.3 0.16 0 .68 0.90 0.75
12/6/98 0.3 0.16 0.55 0.90 0.61
19/6/98 0.3 0.18 0.15 0.81 0.18
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Table D.14 Accupac data used in calibrating Schultz (1960) model to find
Date Depth (D), m [-ln(Se/Si)]/(10.75) (Qv)'n
1/4/98 0.30 0.00016
8/4/98 0.30 0.00030
22/4/98 0.30 0.00036
1/5/98 0.30 0.00020
8/5/98 0.30 0.00018
22/5/98 0.30 0.00054
12/6/98 0.30 0.00040
19/6/98 0.30 0.00027
22/4/98 0.45 0.00012
1/5/98 0.45 0.00021
15/5/98 0.45 0.00013
22/5/98 0.45 0.00081
29/5/98 0.45 0.00018
12/6/98 0.45 0.00065
1/5/98 0.60 0.00015
15/5/98 0.60 0.00032
22/5/98 0.60 0.00043
29/5/98 0.60 0.00052
12/6/98 0.60 0.00059
19/6/98 0.60 0.00048
22/4/98 0.3 0.00017
8/5/98 0.3 0.00025
15/5/98 0.3 0.00007
22/5/98 0.3 0.00010
29/5/98 0.3 0.00002
5/6/98 0.3 0.00082
12/6/98 0.3 0.00066
19/6/98 0.3 0.00018
Note: K20D=[-ln(Se/Si)]/([(10.75)n+1](Qv)'n)
able D.15 Theoretical (predicted) and experimental effluent BOD concentrations in
Bioellipse - 300 column
Date BODEXper,
mg/L
BODtheo, mg/L
Phelps
(1944)
Howland
(1958)
Sinkoff
(1959)
Schultz
(1960)
11/2/98 73 61 54 55 50
18/2/98 73 137 121 124 109
25/2/98 169 98 105 107 104
3/3/98 190 132 142 145 141
11/3/98 40 87 76 78 70
18/3/98 120 110 114 117 103
Average 111 104 102 104 96
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Table D.16 Theoretical (predicted) and experimental effluent BOD concentrations in
Bioellipse - 400 column
Date BODExper,
mg/L
BODtheo? m g / L
Phelps
(1944)
Howland
(1958)
Sinkoff
(1959)
Schultz
(1960)
6/2/98 45 65 55 57 63
11/2/98 39 44 37 38 43
18/2/98 61 99 83 86 94
25/2/98 86 69 75 78 73
3/3/98 133 93 102 105 99
11/3/98 117 62 52 54 61
18/3/98 82 80 84 87 74
Average 80 73 70 72 73
Table D.17 Theoretical (predicted) and experimental effluent BOD concentrations in
Accupac - 300 column
Date BODExper,
mg/L
BODtheo, mg/L
Phelps
(1944)
Howland
(1958)
Sinkoff
(1959)
Schultz
(1960)
1/4/98 170 152 143 147 157
8/4/98 269 268 250 258 283
22/4/98 227 250 233 240 253
1/5/98 330 316 296 304 317
8/5/98 127 120 113 116 120
22/5/98 108 146 137 141 144
12/6/98 152 177 167 171 176
19/6/98 242 256 238 244 249
Average 203 211 1 97 202 212
Table D. 18 Theoretical (predicted) and experimental effluent BOD concentrations in
Accupac - 450 column
Date B O D Exper, B O D th e o , mg/L
mg/L Phelps(1944)
Howland
(1958)
Sinkoff
(1959)
Schultz
(1960)
22/4/98 284 223 206 234 226
1/5/98 327 282 257 293 283
15/5/98 314 252 234 264 253
22/5/98 84 131 120 135 128
29/5/98 165 139 127 144 139
12/6/98 120 159 146 165 158
Average 216 197 182 206 198
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Table D.19 Theoretical (predicted) and experimental effluent BOD concentrations in
Accupac - 600 column
Date BOD]£Xper9
mg/L
BODtheo, mg/L
Phelps
(1944)
Howland
(1958)
Sinkoff
(1959)
Schultz
(1960)
1/5/98 345 219 229 269 253
15/5/98 263 167 206 241 226
22/5/98 120 78 108 125 115
29/5/98 120 76 110 130 124
12/6/98 127 82 128 150 141
19/6/98 198 133 190 220 199
Average 196 126 162 189 176
Table D.20 Theoretical (predicted) and experimental effluent BOD concentrations in
aerobic filter of the pilot tank
Date BODExper, BOD,he„, mg/L
mg/L Phelps(1944)
Howland
(1958)
Sinkoff
(1959)
Schultz
(1960)
22/4/98 276 250 294 304 260
8/5/98 122 120 140 144 120
15/5/98 333 282 330 340 283
22/5/98 165 146 169 173 144
29/5/98 192 155 182 187 156
5/6/98 38 60 70 72 60
12/6/98 127 177 206 213 176
19/6/98 269 256 292 301 249
Average 190 181 210 217 181
Table D.21 Retention time in columns setup
Column Retention time (tr), h
Howland
(1958)
Sinkoff
(1959)
Bioellipse - 300 15 78
Bioellipse - 400 21 106
Accupac - 300 43 26
Accupac - 450 63 30
Accupac - 600 83 39
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Phase 3 Data
Table E.l Average daily flow rates at Site 1
D ate
H ouse
m ain
L /d
Show er
block
L/d
W ashing
m achine
L/d
Black
water
L/d
Show er
L/d
T otal hot 
w ater  
L/d
K itchen
L /d
Air
conditioner
L/d
Y ard
tap
L /d
Total
w astew ater
L/d
G rey
w ater
L /d
13/10/98 976 119 45 44 . 21 15 0 . 134 90
14/10/98 893 57 0 29 0 2 4 0 . 61 32
15/10/98 785 0 0 0 0 0 0 0 0 0
16/10/98 290 0 0 0 0 0 0 0 0 0
17/10/98 1336 428 64 85 82 223 122 30 156 549 464
19/10/98 755 483 254 78 26 119 65 0 91 548 470
20/10 /98 1245 882 499 112 88 160 83 2 152 965 853
23/10 /98 1494 924 479 190 80 149 104 30 41 1028 838
24/10 /98 1290 412 58 73 0 116 143 14 _ 555 482
25/10 /98 2236 883 307 50 23 249 99 29 _ 982 932
26/10 /98 894 288 118 81 0 83 60 16 13 348 266
27/10 /98 1170 950 593 190 0 251 102 0 81 1051 862
28/10 /98 1682 1262 649 114 172 249 179 0 39 1440 1326
29/10 /98 855 536 235 177 0 85 43 0 174 579 402
30/10/98 868 418 59 213 30 106 59 0 263 477 264
31/10/98 4066 2274 1384 214 225 262 271 1 1133 2544 2331
1/11/98 1298 850 339 156 97 205 112 0 21 962 806
4 /11 /98 1980 1736 1111 175 98 314 120 1 14 1856 1681
5/11/98 1152 786 413 8 58 98 51 0 10 837 829
6/11/98 948 462 207 182 10 89 59 0 16 521 339
7/11/98 1005 452 204 143 68 180 82 0 29 534 391
10/11/98 1325 482 370 143 151 119 71 0 35 553 409
11/11/98 1024 1086 184 129 95 209 97 0 35 1183 1054
13/11/98 1052 442 150 111 55 117 62 0 62 503 392
14/11/98 1474 754 345 98 141 120 35 0 26 789 691
15/11/98 1775 1334 854 207 64 154 74 0 25 1407 1201
16/11/98 1658 960 519 126 173 125 41 0 66 1001 876
17/11/98 2186 491 0 97 294 219 70 0 55 561 464
18/11/98 2070 1080 369 223 151 275 119 0 47 1200 976
20/11 /98 3406 1089 370 263 170 308 153 0 248 1241 978
21/11 /98 2082 725 248 169 116 146 140 0 275 864 695
23/11 /98 3689 2227 125 1756 22 154 200 1 72 2426 670
24/11 /98 1545 961 492 178 121 163 94 6 168 1055 877
3/12/98 3262 380 0 140 45 132 87 0 2481 468 327
4/12/98 1436 617 126 204 43 183 169 0 220 786 582
5/12/98 2384 1291 390 485 165 190 115 33 429 1406 921
12/1/99 1060 362 0 267 31 65 56 0 290 418 150
13/1/99 2121 1133 747 374 124 109 80 58 234 1213 839
17/1/99 1632 588 0 248 122 182 82 51 305 670 422
18/1/99 1441 689 14 98 136 49 176 0 382 865 767
20/1 /99 1622 433 71 136 42 45 81 4 927 515 379
25/1 /99 846 451 378 79 117 77 46 0 320 497 418
26/1 /99 1743 947 252 157 111 98 83 0 316 1030 874
27/1 /99 1980 1050 495 158 157 154 102 0 416 1152 994
28/1 /99 2802 1329 618 174 208 149 100 3 805 1429 1256
1/2/99 2526 2243 126 1904 172 78 50 0 120 2292 388
212/99 1397 1193 617 199 127 139 91 0 54 1284 1085
3/2/99 1234 983 495 127 224 109 67 0 145 1050 923
4/2 /99 1506 608 0 305 76 85 128 0 648 736 431
5/2/99 732 359 40 137 5 44 55 0 227 414 277
8/2/99 991 668 370 126 9 84 68 0 135 736 610
A verage  daily  
flow  
L /d
1592 807 309 218 90 138 89 5 262 896 678
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Table E.2 Average daily flow rates at Site 2
D a te
H o u se
m a in
L /d
S h o w er
b lo ck
L /d
W a sh in g
m a ch in e
L /d
B la ck
w ater
L /d
T o ta l h o t  
w a te r  
L /d
A ir
con d ition er
L /d
Y ard
tap
L/d
T o ta l
w a stew a ter
L /d
G rey
w ater
L /d
13/10 /98 2 7 3 2 1654 503 16 194 606 _ 1048 1032
14/10 /98 2991 1784 251 104 23 9 757 _ 1028 923
15/10 /98 2466 1959 793 35 183 681 - 1278 1243
16/10/98 253 201 0 8 5 4 118 19 83 75
17/10 /98 244 200 126 8 5 8 0 192 184
19/10 /98 118 110 0 1 43 0 0 110 109
2 0 /1 0 /9 8 7 0 32 0 1 12 0 26 32 31
23 /1 0 /9 8 102 89 0 0 0 87 0 2 2
2 4 /1 0 /9 8 12 0 0 0 0 0 0 0 0
25 /1 0 /9 8 80 40 0 0 18 0 0 4 0 40
26 /1 0 /9 8 17 0 0 0 0 0 1 0 0
27 /1 0 /9 8 31 0 0 0 0 0 2 0 0
28 /10 /98 35 23 0 0 11 0 0 23 23
29 /1 0 /9 8 1182 2 0 0 0 1 233 1 1
30 /1 0 /9 8 115 1 0 0 0 0 111 1 1
31 /1 0 /9 8 972 498 0 21 135 235 134 263 242
1/11/98 2967 1646 499 54 3 4 0 438 570 1208 1154
4 /1 1 /9 8 3462 1980 744 124 6 6 7 95 281 1885 1761
5 /11 /98 2052 1221 252 129 3 2 0 251 3 9 7 0 841
6 /1 1 /9 8 3228 1090 262 79 4 3 9 948 3 142 64
7 /1 1 /9 8 2334 1897 434 193 388 188 3 1708 1516
10/11/98 2741 773 195 19 2 9 6 69 357 70 4 685
11/11/98 3005 1367 1006 76 333 99 66 1267 1191
13/11/98 3381 1448 251 66 146 756 466 6 9 2 626
14/11 /98 3588 2314 70 203 337 684 198 1630 1428
16/11/98 1905 1199 496 52 93 360 302 838 786
17/11/98 36 0 0 0 0 0 5 0 0
18/11/98 27 0 0 0 0 0 0 0 0
20 /11 /98 22 0 0 0 0 0 3 0 0
21 /11 /98 478 0 0 0 0 0 455 0 0
23 /1 1 /9 8 1734 638 144 35 140 177 419 461 426
30 /11 /98 3676 2066 498 81 235 840 95 1226 1146
1/12/98 2735 1763 410 146 213 632 276 1131 984
5/12 /98 3718 2105 62 97 261 1075 138 1029 932
6 /12 /98 3934 2797 449 214 431 860 14 1938 1724
7 /12 /98 3333 2330 341 104 21 9 1181 266 1149 1045
12/1/99 3774 2556 446 193 248 1076 36 1480 1287
13/1/99 3832 2247 498 82 125 1370 8 876 795
17/1/99 6843 3757 1535 109 159 713 22 3 0 4 4 2936
18/1/99 3513 1890 7 46 127 1303 14 587 541
20/1 /99 2870 2354 344 97 101 1422 33 931 834
22/1 /99 2905 2477 576 154 163 1037 124 1440 1286
23/1 /99 3306 2347 232 170 179 1475 61 873 703
27/1 /99 4 6 9 9 3106 652 5 152 1668 33 1437 1433
28 /1 /99 4 584 2948 63 86 112 1521 505 1428 1341
2 9 /1 /99 3842 1812 134 183 168 1020 103 791 609
30/1 /99 3367 2425 376 178 201 1283 571 1142 965
1/2/99 2968 2035 667 171 2 4 0 600 27 1435 1264
4 /2 /9 9 2301 1740 458 98 180 724 54 1016 918
5 /2 /99 1882 1643 376 74 142 787 98 8 56 783
6/2 /99 1125 965 67 100 28 9 239 50 725 626
8/2 /99 2335 1608 395 118 241 502 24 1107 988
11/2/99 2642 2023 314 42 215 1007 110 1016 974
A v e ra g e  d a ily  
f lo w  
L /d
2199 1343 282 71 166 545 126 797 726
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Table E.3 Average daily flow rates at Site 3
D a te
H ou se
m ain
L /d
S h o w e r
b lo ck
L /d
W ash in g
m ach in e
L /d
B lack
w ater
L /d
T o ta l hot 
w ater  
L /d
A ir
con d ition er
L /d
Y ard
tap
L /d
T ota l
w a stew a ter
L /d
G rey
w a ter
L /d
13 /10 /98 4438 2519 0 129 368 1769 _ 880 751
14 /10 /98 1941 1077 132 138 33 939 _ 407 269
15/10 /98 3822 2179 701 122 487 1172 1829 1708
16 /1 0 /9 8 5179 2 3 3 0 1188 140 422 1511 1062 2147 2007
17 /10 /98 3116 1513 276 114 222 1071 647 832 718
19 /10 /98 1598 697 224 186 349 0 203 1107 921
2 0 /1 0 /9 8 2318 9 99 429 134 403 381 327 1182 1047
2 3 /1 0 /9 8 2945 1825 1240 146 491 1026 41 0 2185 2039
2 4 /1 0 /9 8 2921 1256 56 75 467 48 2 591 905 829
2 5 /1 0 /9 8 3689 2013 79 111 724 1015 917 1187 1077
2 6 /1 0 /9 8 1188 534 70 51 214 246 233 409 358
2 7 /1 0 /9 8 2245 1022 730 189 733 0 90 1940 1752
2 8 /1 0 /9 8 2796 1447 795 121 472 653 161 1710 1590
2 9 /1 0 /9 8 1699 9 84 264 150 399 293 210 1105 955
3 0 /1 0 /9 8 1363 658 1262 83 172 369 208 1634 1551
3 1 /1 0 /9 8 3500 1653 512 105 482 881 529 1389 1284
1/11 /98 2074 1056 190 76 536 7 2 6 196 597 520
4 /1 1 /9 8 1681 1236 122 99 514 529 31 928 829
5 /1 1 /9 8 1405 874 113 113 195 562 26 538 425
6 /1 1 /9 8 3046 1545 857 91 294 1028 254 1465 1374
7 /1 1 /9 8 1976 1364 885 168 331 672 58 1745 1577
10/11 /98 2816 1478 10 141 270 78 6 50 843 70 2
11 /1 1 /9 8 1924 1047 354 85 167 680 213 807 72 2
13/11 /98 4595 2 779 64 103 63 1595 386 1351 1248
14 /11 /98 2025 843 12 85 101 625 13 314 230
16 /11 /98 868 4 3 4 0 53 39 357 98 130 77
17/11 /98 810 386 111 60 119 190 28 368 308
18/11 /98 4267 2 184 1389 142 947 654 48 3061 2919
19/11 /98 3119 1947 382 138 225 1501 172 966 828
2 1 /1 1 /9 8 6085 2 039 272 109 176 1667 3151 753 644
2 3 /1 1 /9 8 2549 1842 192 47 225 1428 235 653 606
2 6 /1 1 /9 8 2498 1670 388 100 275 1147 54 1010 910
2 7 /1 1 /9 8 3387 2068 385 123 383 1405 74 1172 1049
5 /1 2 /9 8 1773 1036 139 63 117 7 26 - 512 449
12 /1 /9 9 226 131 0 4 23 0 - 135 131
13 /1 /99 2445 778 113 18 115 514 - 394 377
1 7 /1 /99 4563 1883 113 57 97 1074 - 979 922
18/1 /99 4039 1578 0 37 154 1283 - 333 296
19 /1 /99 3538 1499 0 38 102 966 - 571 534
2 0 /1 /9 9 2532 1479 132 79 99 1211 - 478 40 0
2 7 /1 /9 9 678 558 10 7 2 522 - 54 47
2 8 /1 /9 9 426 142 0 8 3 121 - 29 21
1/2 /99 526 0 0 0 0 0 - 0 0
A v e r a g e  da lly  
f lo w  
L /d
2573 1316 330 94 279 785 356 954 860
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Table E.4 Summary of water quality results o f  Design 1 (November 1998 - February 1999)
Date of 
sampling
Sampling
Points
Description of 
sampling source
Faecal conform 
(cfu/100mL) PH
Temp
(°C)
E C
(|is/cm)
Ca
(mg/L)
M g
(mg/L)
Na
(mg/L)
D O
(mg/L)
Turbidity
(FTU)
S S
(mg/L)
TS
(mg/L)
T D S
(mg/L)
S A R
Sodium
absorption
ratio
B O D 5
(mg/L)
C O D
(mg/L)
C O D /B O D
Nitrate
(N O 'j-N )
(mg/L)
Nitrite
(N O V N )
(mg/L)
Total
Phosphorus
(P)
(mg/L)
I Surfactant [ Oil 
1 (mg/L) (mg/L)
14/11/98 1,
Inlluent black 
water
5.80E+07 8.2 25.5 >1999 N M N M N M 0.33 488 630 2015 1386 N M 655 1514 2.3 2.1 5.8 8.1 -
23/11/98
I,
2.78E+07 8 .0 29.1 1457 N M N M N M 1.72 155 188 1399 1211 N M 266 688 2 .6 5.6 4.6 6.66
3/12/98
I,
5.24E+07 8 .0 26.9 1730 N M N M N M 6 .2 0 517 855 2335 1480 N M 605 2091 3.5 4.3 9.27 - -
25/1/99
U
5.90E+07 8 .0 31.0 1225 N M N M N M 4.35 561 1038 2265 1227 N M 592 1360 2.3 6.5 5.6 9.37
2/2/99
U
1.11E+07 8.2 27.4 1950 N M N M N M 3.83 298 659 2105 1446 N M 557 1205 2 .2 4.7 3.6 9.62 -
512/99
____ k _ - - - - - - - - - - - - - -
8/2/99
____ h___
3.19E+07 7.8 27.3 1423 N M N M N M 6 .0 0 195 520 1827 1307 N M 387 953 2.5 3.1 3.7 9.31 - -
Average lav 4.00E+07 8.1 27.9 1557 N M N M N M 3.74 369 648 1991 1343 N M 510 1302 2.5 4.4 4.6 8.73 - -
14/11/98 ____IL___ 5.4¿E+07 8.5 27.1 2005 N M N M N M 1.52 259 224 2255 2031 N M 1115 1728 1.5 8 .0 16.7 4.5 N M 8.0
¿3/11/98 ____IL___ 1.67E+07 7.4 29.8 904 ÑÑI N M N M 3.10 126 199 1581 1383 N M 823 1550 1.9 5.0 4.1 0.87 N M 1.5
3/12/98 II, 7.35E407 7.2 29.6 1094 N M N M N M 0.73 660 550 2117 1567 N M 1204 2402 ¿ .0 3.3 2.52 0.74 0 .0
25/1/99 It.
Influent grey 
water
5.80E+06 7.7 31.7 989 N M N M N M 1.51 114 269 1527 1259 N M 456 745 1.6 6 6.1 1.49 -
272/99 II. 2.20E+07 7.4 29.7 1071 N M N M N M 2.04 258 301 1842 1541 N M 661 1190 1.8 4 7.2 0 3 -
372Ä59 ____IL___ - - - - - - - - - - - - - - - -
8/2/99 li. 2.45E+07 8.2 ¿9.0 ¿187 N M N M N M 5.05 ¿OS 235 2158 1923 N M 507 1109 ¿ .2 3 10.9 6.52 - -
Average Ilav 3.28E+07 IX 29S 1375 N M N M N M 2.33 271 ¿ $ 6 1913 Í6 Í7 N M 795 1454 1.8 5.1 8 .0 3.18 0.74 i à
14/11/98 a+in , 5.51E+07 8.5 26.8 - - 1.23 315 323 2197 1874 - 1003 1676 1.7 6 .6 14.1 5.36 - -
23/11/98
a + n b 1.94E+07 7.6 29.6 1039 - - 2.76 133 196 1537 1341 - 687 1340 1.9 5.2 4.2 2.28 -
3/12/98 a+ in , 6.84E+07 7.4 29.0 1249 - - 2.06 626 624 2170 1546 - 1058 2327 2 .2 - 3.5 4.16 -
25/1/99
(1+11)4
Combined
inlluent 1.87E+07 7.8 31.5 1046 2 .2 0 222 456 1707 1251 - 489 895 1.8 6 .0 6 .0 3.40 - -
2/2/99
(I+IDs 1.93E+07 7.6 29.1 1285 - - 2.48 268 388 1906 1518 - 636 1194 1.9 4.2 6.3 4.78
5/2/99
(i+»)ft - - - - - - - - - - - -
8/2/99
(l+H>7 2.63E407 8.1 28.6 2001 - 5.28 205 304 2077 1773 - 478 1071 2.2 2.7 9.1 7.20 -
Average ( i+ ii )„ 3.45E-H17 IX 29.1 1324 - - - 2.67 295 382 1932 1550 - 725 1417 2 .0 4.9 7 3 4.53 - -
14/11/98 h i , I.OOE+07 7.6 25.6 1724 185 135 21 0 .2 0 417 548 1908 1360 0.3 321 629 2.0 0 .0 10.8 7.9 N M 75.0
23/11/98
h i, 7.03E+07 7.5 27.5 1363 5 245 50 0.33 242 180 1626 1446 0.7 369 788 2.1 0.5 14.4 7.10 N M 37.0
3/12/98 HI, 6.70E+05 7.7 27.5 1445 N M N M N M 0.09 404 220 1814 1594 N M 476 708 1.5 - 6.9 8.17 0.41 54 .0
25/1/99 HU
Effluent grey 
water 1.00E+07 7.3 30.3 1000 160 190 131 0.02 362 162 1310 1148 1.2 608 773 1.3 4 3.0 6.70 - -
2/2/99 Ills 3.40E+05 7.7 30.5 1308 20 280 87 0.06 154 80 1376 1296 1.1 220 402 1.8 0 5.1 6.43 - -
5/2/99 1IU 2.00E+05 7.2 29.6 273 60 190 378 1.65 158 538 678 140 5.4 58 81 1.4 0 8.4 0.88 - -
8/2/99 III, 3.60E+07 7.2 26.6 648 180 230 453 1.08 117 174 700 526 5.3 306 340 1.1 3 8.7 2.77
Average I II. , 1.82E+07 I S 28.2 1109 102 212 187 0.49 265 272 1345 1073 23 337 532 1.6 1.2 S 3 5.70 0.41 5 5 3
14/11/98 IV,
Effluent black 
water
3.75E+05 8.5 23.7 >1999 330 150 288 0.30 285 372 1414 1042 3.3 165 608 3.7 8.3 7.5 8.5 N M 2 .0
23/11/98 IV, 1.55E+07 8.2 27.5 2027 90 130 52 0.68 120 66 1184 1118 0.8 192 487 2.5 3.0 4.2 7.63 N M N M
3/12/98 IV , 6.70E+06 8.0 27.1 1545 N M N M N M 0.12 227 142 1207 1065 N M 305 534 1.8 - 2.7 10.27 N M -
25/1/99 IV . 5.00E+05 7.9 31.4 1086 240 140 183 2.69 136 144 1140 996 2.3 137 316 2.3 1 5.7 8.40 -
2/2/99 IV 5 O.OOE+OO 7.8 30.8 1314 70 140 43 0.71 143 51 892 841 0.7 42 153 3.6 1 0.0 8.43 -
5/2/99
____LV *. 8.00E+06 7.8 30.8 1632 40 800 1247 0.34 115 132 1002 870 9.3 132 319 2.4 2 3.3 8.70 - -
8/2/99 IV, 3.90E+06 7.6 28.3 1701 0 500 604 0.31 196 82 1036 954 5.8 195 380 1.9 3 1.5 11.53 -
Average IV „ 5.00E+06 8.0 28.5 1551 128 310 403 0.74 175 141 1125 984 3.7 167 400 2.6 3.0 3.6 9.06 . 2.0
14/11/98 V,
2 n d  ch a m b er o f  
g rev  w a te r lank
N M 6.9 26.1 1895 110 145 190 0.15 222 156 1472 1316 0.6 399 796 2.0 5.9 10.8 8.9 N M 0.0
23/11/98 V, N M 6.7 29.8 1290 N M N M N M 0.04 165 102 1494 1392 N M 501 829 1.7 7.1 12.6 4.58 N M N M
3/12/98 V, N A T S N ATS N ATS N ATS N A T S N A T S N A T S N ATS N ATS N ATS N A T S N A T S N A T S N A T S N ATS N A T S N A T S N ATS N ATS N A T S N ATS
25/1/99 V 4 5.00E+06 6.4 33.3 1033 N M N M N M 0.02 260 116 1216 1100 N M 647 775 1.2 0 0.0 5.57 - -
vim V, 5.30E+06 6.9 29.9 1263 N M N M N M 0.01 151 87 1340 1253 N M 238 466 2.0 0 9.9 5.30
5/2/99 ___ y * _ 1.10E+06 7.1 28.1 280 160 320 732 0.03 69 54 210 156 7.7 14 66 4.7 2 3.0 0.52 -
8/2/99 V, N M 6.9 27.6 1025 N M N M N M 0.02 184 92 1030 938 N M 228 307 1.3 0 10.2 8.77 - -
Average v „ 380E+06 6.8 29.1 1131 135 233 461 0.05 175 101 1127 1026 4.1 338 540 2.1 2 S 7X 5.61 - 0.0
Note: NATS - not able to sample, NM - not measured, and - for samples which could not be collected or tested
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Table E.5 Summary o f water quality results of Design 2 (November 1998 - February 1999)
Date of 
sampling
Sampling
Points
Description of 
sampling 
source
Faecal
coliform
(cfu/100mL)
pH
Temp
(°C)
E C
(ps/cm)
Ca
(mg/L)
M g
(mg/L)
Na
(mg/L)
D O
(mg/L)
Turbidity
(FTU)
s s
(mg/L)
TS
(mg/L)
T D S
(mg/L)
S A R
Sodium
absorption
ratio
B O D ,
(mg/L)
C O D
(mg/L)
C O D /BO D
Nitrate
(N O j -N) 
(mg/L)
Nitrite
(N O ,'-N )
(mg/L)
Total
Phosphorus
(P)
(mg/L)
Surfactant
(mg/L)
Oil
(mg/L)
30/11/98 1,
Influent black 
water
5.42E+07 7.8 29.1 1628 - - - 4.81 669 1963 3476 1512 1193 3031 2.5 N M 3.4 7.33 N M N M
6/12/98 1, 1.12E+07 7.7 28.0 1399 - - - 6.39 300 808 2195 1388 838 1620 1.9 9.9 5.4 9.21
22/1/99 1, 2.82E+07 7.7 30.4 1286 N M N M N M 3.88 434 747 2427 1680 N M 609 1511 2.5 19.5 6.1 8.29
29/1/99 ■4 7.90E+06
7.6 29.2 1505 N M N M N M 3.61 328 660 3072 2412 N M 942 2074 2.2 6.6 5.0 8.61
5/2/99 U 1.80E+07 8.1 25.0 2022 N M N M N M 5.99 292 1211 2968 1758 N M 833 1522 1.8 1.5 0.9 9.93
8/2/99 I* - - - -
11/2/99 It 2.00E+06 8.1 26.9 1990 N M N M N M 4.10 1010 1338 3190 1853 N M 915 2798 3.1 9.2 1.7 9.40 -
Average lav 2.02E+07 7 il 28.1 1638 N M Nto N M 4.80 $66 1121 2888 176? N M 588 5)93 l i M 1.1 0 5 -
30/11/98 II,
Influent grey 
water
1.04E+08 7.3 30.7 1828 - - - 0.70 396 483 2032 1548 - 945 1427 1.5 N M 11.5 6.40 N M 25.2
6/12/98 Ui 9.08E+07 7.4 31.6 1079 - - - 1.06 304 306 2073 1768 959 2317 2.4 4.6 6.7 2.59 1.808 13.3
22/1/99 11, 1.72E+08 7.2 32.3 924 N M N M N M 0.26 92 124 1116 992 N M 455 579 1.3 5.5 6.0 3.02
29/1/99 H4 3.85E+07 6.8 32.1 1085 N M N M N M 0.03 208 237 1659 1422 N M 737 1234 1.7 6.8 7.6 3.87 •
5/2/99 ll< 3.45E+07 6.7 30.0 1046 N M N M N M 0.02 286 525 1666 1141 N M 918 1328 1.4 9.4 10.7 2.26
8/2/99 II* - - - - - - - - - - - - - -
11/2/99 ____ Lb____ 4.28E+07 7.1 31.0 984 N M N M N M 1.32 203 215 1273 1058 N M 702 848 1.2 3.6 2.6 3.48 -
Average llav 8.04E+07 7.1 313 1158 N M N M N M 0.57 248 315 1636 1321 N M 786 1289 1.6 6.0 7.5 3.60 1.81 19.2
30/11/98 (1+11).
Combined
influent
9.96E+07 7.4 30.6 1810 N M N M N M 1.07 420 615 2160 1545 N M 967 1570 1.6 N M 10.7 6.48
6/12/98 (h -i i )t 8.37E+07 7.4 31.3 1107 N M N M N M 1.54 304 350 2084 1734 N M 948 2255 2.4 5.0 6.6 3.18
22/1/99 .. ( M lh 1.59E+08 7.2 32.1 956 N M N M N M 0.58 123 180 1233 1053 N M 468 662 1.4 6.7 6.0 3.49 -
29/1/99 <1+11)4 3.58E+07 6.8 31.9 1122 N M N M N M 0.35 219 275 1785 1510 N M 755 1309 1.7 6.8 7.4 4.29 -
5/2/99 (1+11)4 3.30E+07 6.8 29.6 1133 N M N M N M 0.55 287 586 1782 1196 N M 911 1345 1.5 8.7 9.8 2.94 -
8/2/99 __ (i+ll)<t
N M N M N M N M N M N M N M N M N M N M N M N M N M N M N M N M N M N M N M N M N M
11/2/99 il+JJiz 3.92E+07 7.2 30.6 1073 - 1.57 275 315 1444 1129 N M 721 1022 1.4 4.0 2.5 4.01
Average (l+II)av 1 s 1E+07 7.1 il.O 1200 N M N M N M 0.94 271 387 1748 ” 1361 N M ?95 1360 1.? 6 J 7 3 43)6
30/11/98 HI.___
2nd chamber 
of septic above 
C F  12(H)
2.60E+07 6.9 30.2 1355 0 .0 0 353 188 1518 1330 559 808 1.4 N M 3.3 9.00 N M 6.0
6/12/98 ____ Hlj_ 8.30E+07 6.7 30.4 1414 0.08 253 168 1444 1276 624 976 1.6 0 .0 10.2 8.70 1.144 2.0
22/1/99 ____ Ub___ 2.60E+06 6.9 33.1 1230 N M N M N M 0 .0 0 233 172 1120 948 N M 490 569 1.2 0 .0 3.9 8.63 -
29/1/99 III4 3.30E+06 6.7 32.2 1470 N M N M N M 0 .0 2 398 308 1480 1172 N M 428 947 2.2 0 .0 6 .0 8.47
5/2/99 1II< 3.00E+07 6.9 28.8 1823 N M N M N M 0.01 435 378 1680 1302 N M 398 888 2.2 0 .0 4.8 9.60 -
8/2/99 111* 8.00E+06 6.9 29.8 1666 N M 450 416 0.03 144 92 1304 1212 4.2 250 445 1.8 0 .0 7.8 9.67 -
11/2/99 ____ lib 3.00E+06 6.7 30.2 1486 N M N M N M 0 .0 0 273 322 1548 1226 N M 314 863 2.7 0 .0 5.7 8.67
Average III. . 2.23E+07 6.8 30.7 1492 N M 450 416 0.02 298 233 1442 1209 A3. 438 785 1.9 0.0 6.0 8316 1.14 4.0
30/11/98 ____ IV.
Septic tank 
effluent
4.90E+07 7.6 25.9 1303 1030 240 49 0.03 200 126 1442 1316 8.15 444 728 1.6 0 10.8 8.03 N M 4.0
6/12/98 IV, 5.10E+07 7.4 26.8 1434 0.05 229 132 1330 1198 564 786 1.4 0 .0 11.1 9.10 0.540 0.0
22/1/99 ____ IV 4 4.00E+06 7.6 30.0 1295 0.01 250 86 1132 1046 N M 256 386 1.5 0 .0 0 .0 8.77
29/1/99
1V4 1.47E+08 7.7 29.6 1282 2 10 140 129 0 .0 2 274 176 1224 1048 1.7 335 494 1.5 0 .0 5.4 8.37
5/2/99 IV 4 1.73E+07 7.6 28.9 1642 N M N M N M 0 .0 2 354 148 1408 1260 N M 207 443 2.1 0 .0 0 .0 9.40
8/2/99 ____ IV * 2.70E+06 7.7 29.2 1679 340 180 687 0.01 360 256 1504 1248 7.5 280 534 1.9 0 .0 0 .0 9.60
11/2/99 IV 7 6.70E+05 7.6 28.6 1496 230 130 87 0 .0 2 225 92 1268 1176 1.1 278 331 1.2 0 .0 0 .0 9.13
Average IVav 3.88E+07 7.6 28.4 Ì4J7 453 173 535 0.02 270 145 1330 1185 4.6 338 529 1.6 0.0 33» fL9i 2.0
Note: N A T S  - not able to sample, N M  - not measured, and - for samples which could not be collected or tested
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Table E.6 Summary o f water quality results o f Design 3 (November 1998 - February 1999)
Date of 
sampling
Sampling
Points
Description of 
sampling source
Faecal coliform 
(cfu/100mL) pH
Temp
(°C)
E C
(ps/cm)
Ca
(mg/I.)
M g
(mg/L)
Na
(mg/L)
D O
(mg/L)
Turbidity
(FTU)
SS
(mg/I.)
T S
(mg/L)
T D S
(mg/L)
S A R
Sodium
absorption
ratio
B O D ;
(mg/L)
C O D
(mg/I.) C O D /BO D
Nitrate
(N O j-N )
(mg/L)
Nitrite
(N O j-N )
(mg/L)
Total
Phosphorus
(P)
(mg/L)
Surfactant
(mg/L)
Oil
(mg/L)
18/11/98
1.
Influent black water
8.35E+07 7.8 25.2 2620 - - - 3.31 357 765 2442 1677 634 1604 2.5 9.5 10.6 10.4 -
26/11/98 4.37E+07 7.8 24.4 1855 - - 5.90 359 1708 4060 2352 1419 2749 1.9 9.6 8.2 6.64
2/11/98
b 4.50E+06 8.0 27.6 1763 N M N M N M 2.76 369 929 2824 1895 N M 544 1903 3.5 7.1 7.0 10.60 -
Average lav 439E+07 7.9 25.8 2079 N M N M N M 3.99 362 1134 3109 1974 N M 866 2086 2.7 8.7 8.6 9.22 N M N M
18/11/98
h ,
Influent grey water
2.60E+07 7.3 28.6 1401 1.74 360 374 1680 1306 697 1505 2.2 3.0 12.3 4.2 8.5
26/11/98
n2 5.00E+06 7.6 29.1 1258 2.77 447 418 2052 1634 1192 2197 1.8 2.1 6.8 4.51 1.0
2/11/98
_____ i l
7.18E+07 7.3 30.7 1170 N M N M N M 1.04 3198 1530 7212 5682 N M 1316 8529 6.5 6.7 2.0 2.48 -
Average I lav 3.43E+07 7.4 29.5 1276 N M N M N M 1.85 1335 774 3648 2874 N M 1068 4077 3 JS 3.9 7.0 3.74 N M 4.75
18/11/98
____0± ilL___
Combined influent
3.I7E+07 7.3 28.3 1521 N M N M N M 1.89 359 412 1755 1343 N M 691 1514 2.2 3.6 12.1 4.85 N M -
26/11/98
d+II)2 8.81E+06 7.6 28.6 1317 N M N M N M 3.08 438 545 2250 1705 N M 1214 2251 1.9 2.8 6.9 4.72 N M -
2/11/98 (I+II), 6.51E+07 7.3 30.4 1228 N M N M N M 1.21 2920 1471 6780 5309 N M 1240 7876 6.4 6.8 2.4 3.28 N M -
Average (i+ ii).v 3.52E+07 7.4 29.1 1355 N M N M N M 2.06 1239 809 3595 2786 N M 1048 3881 3 J 4.4 72 4.28 N M .
18/11/98 h i ,
Septic tank effluent
1.08E+07 8.0 27.4 2961 125 95 358 0.13 216 136 2031 1895 447 801 1.8 16.7 19.2 9.5 17.0
26/11/98 m 2 1.70E+06 7.7 28.6 1782 75 70 433 0.07 150 57 1621 1564 308 708 2.3 8.0 18.3 9.17 10.0
2/11/98 in, 1.10E+07 7.3 31.7 1518 240 420 537 0.01 251 220 1708 1488 4.8 432 880 2.0 0.0 14.4 9.33
Average III.Y 7.83E+06 7.7 29.2 2087 N M N M N M 0.07 206 138 1787 1649 4.8 396 796 2.0 8.2 17.3 9.32 N M 13.5
Note: N A T S  - not able to sample, N M  - not measured, and - for samples which  could not be collected or tested
Appendix E
Explanatory notes on Table 6.12
1 Wastewater application rate for Design 1
Anaerobic filter. Placed in the 3000 L grey water tank, the filter consisted of Accupac 
CF-1200 modular medium. The filter is 300 mm wide, 780 mm long and 300 mm deep, 
thus the wastewater application rate is 4299 L/m2.d.
Aerobic filter. Placed in an individual filter tank receiving grey water tank effluent, the 
filter consisted of small medium, Biosphere. The filter is 700 mm wide, 850 mm long and 
300 mm deep, thus the wastewater application rate is 1691 L/m2.d.
Anaerobic filter. Placed in a 1620 L black water tank, the filter consisted of modular 
medium, CF-650. The filter is 460 mm wide, 475 mm long and 300 mm deep, thus the 
wastewater application rate is 1149 L/m2.d.
2 Wastewater application rate for Design 2
Anaerobic filter. Placed in a combined wastewater septic tank, the filter consisted of 
Accupac CF-1200 modular media. The filter is 300 mm wide, 780 mm long and 300 mm 
deep, thus the wastewater application rate is 5620 L/m2.d.
Aerobic filter. Placed in an individual 1100 L filter tank with influent received from the 
combined wastewater septic tank, the overall filter block (contained the Bioblock media) 
is 1450 mm wide and 850 mm long, thus the wastewater application rate is 1067 L/m2.d.
3 Wastewater application rate for Design 3
Anaerobic filter. Placed in a combined wastewater 4300L septic tank, the media 
consisted of Accupac CF-650 modular media. The filter is 790 mm long and 300 mm 
wide and 300 mm deep, thus the wastewater application rate is 7270 L/m2.d.
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